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THE IRRIGATION PROJECT OF THE CANADIAN PACIFIC 
RAILWAY. 


By a Special Contributor. 


‘he rise in value of farm lands in the western 
part of the United States during the past ten years 
has caused.them to double and treble in price. 
This has had two results. It has tempted many 
farmers to sell and discouraged many others from 
attempting to buy. Those who have sold and 
homeseekers wishing for lands within their means 
are beginning to look elsewhere than the United 
States, and this is changing the tide of emigration 
from the West to the North. Canada is becoming 
the Mecca for the homeseeker of the United 
States. The 46 emigrants to western Canada 
eight years ago swelled 
to 46,000 in 1904. Be- 


provements which are being made by these set- 
tlers show that these farmers have gone there to 
stay. The brick and stome farmhouses, the con- 
crete barns and stables, which one sees scattered 
throughout the older settled portions of Manitoba 
are beginning to be built in Assiniboia and Sas- 
katchewan. This growth of settlement in the 
country is being duplicated in the cities. Winni- 
peg has now 75,000 people. The Canadian Pacific 
Railway is erecting a hotel and station which 
wil! cest $1,200,000, and the building permits in 
1904 aggregated over $10,000,000. The terminal 
facilities of Port Arthur on Lake Superior, built 
to accommodate the lake shipments of grain, in- 
clude the largest elevator in the world. 

This movement of settlement towards Canada 
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it is planned to irrigate more than 1,000,000 acres 
by a system of canals taking water from the Bow 
River. The flow of this stream is ample for the 
needs of this land, and is unusually uniform be- 
cause its summer supply is derived largely from 
glaciers which act as an automatic regulator; the 
warmer the season and the greater the need of 
irrigation, the more rapidly the ice melts and the 
greater the water supply. 

When the system is completed, it will include 
two main canals, one starting near Calgary and 
the other about 25 miles below. 
have the first right to the river. Both will be un- 
der one control, and as there is ample water to 
fill them, irrigators will be freed from the uncer- 
tainties and controversies about water rights 

which have been a per- 


These canals 


cause irrigated lands in 
the arid region have 
risen in value until in 
many sections they equal 
or surpass in price the 
farming lands of Iowa 
and Illinois, the seeker 
for cheap lands must go 
elsewhere, and the pic- 
turesque prairie schoon- 
er from western Ne- 
braska and Kansas is 
now finding its slow way 
for over 2,000 miles, and 
more than 300 miles 
north of the northern 
boundary of the United 
States, to the settle- 
ments in the valley of 
the Saskatchewan River. 
The reports which these 
emigrants are sending 
back are upsetting all 
preconceived ideas as to 
climatic conditions and 
agricultural possibilities. 
Settlers from western 
Nebraska write back from 
Edmonton that the win- 
ters, while longer, are no 
more disagreeable than 
those of the home they left in the United States 
a thousand miles south. It has already been dem- 
onstrated that the northern limit of settlement on 
‘his continent is to be extended far beyond what 
was formerly regarded as possible, and that this 
is destined in time to have a profound influence on 
the adjustment of ‘centers of manufacture, agri- 
culture, and population on this continent. 

The results already achieved by these settlers 
confirm this conclusion. Eighty million bushels 
of wheat, 50,000,000 bushels of oats, 10,000,000 
bushels of barley, and $10,000,000 worth of live- 
stock were among the items of agricultural pro- 
duction in western Canada in 1904. If the present 
growth continues, it will only be a few years until 
the provinces of Alberta, Assiniboia, and Sas- 
katchewan will have a larger acreage and larger 
yield than the three great hard-wheat States of 
Minnesota, North and South Dakota. The im- 


CALGARY, N. W. T. 


has been greatly promoted by the Canadian Pa- 
cific Railway. It has been a liberal and effective 
advertiser. It has sold its lands on the most lib- 
eral terms and given cheap freight rates to in- 
tending settlers. Emigration has now, however, 
almost absorbed the railway lands which can be 
cultivated without irrigation and the railroad is 
now engaged in an immense irrigation enterprise 
for the purpose of promoting the settlement of 
that portion of its land grant in which irrigation 
is required. Originally this grant extended on 
both sides of the track for a width of 20 or 25 
miles, but included only each alternate section. 
This checkerboard arrangement was not suited to 
irrigation development and the Government has 
modified the grant by giving the railroad a solid 
block of land 25 miles wide along its line between 
Calgary and Kininvie, a distance of 125 miles. In 
this block, which contains about 3,000,000 acres, 
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plexing fact in 
irrigation development. 

The map (Fig. 1) shows 
the boundaries of this 
block and of the canal 
lines now being built. The 
upper canal will irrigate 
about 300,000 acres, 
which will be distributed 
through approximately 
1,200,000 acres of the ir- 
rigation block. About one 
ecre in four or 40 acres 
in each 160 will be irri- 
gated. For each 40 acres 
irrigated, there will be 
120 acres to be 
pasturage or cultivated by 
the aid of rainfall alone. 
In this woy the preduc- 
tive capacity of the whole 
body of land will be very 
greatly augmented. Wa- 
ter will be used on the 
irrigated lands to bet- 
ter advantage and crops 
will be given more care- 
ful cultivation. These 
grazing lands have con- 
siderably greater produc- 
tive capacity than those 
of the United States; 
probably twice as much grass grows on an acre 
near Calgary as around Helena in Montana, and 
four or five times as much as in New Mexico and 
Arizona. Furthermore, a large part of the un- 
irrigated area will in time be cultivated. Expe- 
rience thus far has shown that it is possible to 
grow crops on these lands three years in five, and 
certain crops can be grown every year. By this 
combination of the grazing and irrigable areas, it 
is believed that the whole tract can be made as 
productive and be as thickly settled as an equal 
area in the Mississippi Valley. ; 

The canal now being built is to water the west- 
ern or upper end of the tract. The work is being 
done by the railroad under the direction of Mr. J. 
S. Dennis, Superintendent of Irrigation, Mr. P. T. 
Bone being the chief engineer. 

The headgate fs about a mile from Calgary on 
the first bottom of the Bow River, where the, 
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FIG. 1. MAP OF IRRIGATION BLOCK, CANADIAN 
Sizes of Secondary Canal A. 
Division. Slopes. Grade, %. 


t. . per pec. 
a—b 18 8.0 2tol 0.03 3.05 
b—c 18 7.5 0.03 2.92 
c—d 18 6.5 ae 0.04 3.1 
4-8 22 6.0 = 0.03 2.7 
ef 18 6.0 sia 0.03 2.6 
t—« 18 5.0 0.03 2.4 
g—h 18 4.0 i 0.06 2.7 
h—i 16 4.0 » 0.04 2.36 
i—j 12 4.0 ” 0.04 2.24 


banks are low and no excess excavation is re- 
quired. This bottom is only a few hundred feet 
wide and back of it is a high steep bluff which 
follows the river for nearly three miles, where 
there is a break caused by an old river channel 
which runs almost at right angles to the present 
channel which has been formed by a cutoff across 
a bend. The canal runs on the first bottom to 
Station 137, where it cuts through a point in order 
to shorten the distance into the old river channel. 
The ability to’ utilize this channel has been of 
great advantage as it enables the canal to leave 
the river almost at right angles and reach, within 
a distance of 20 miles, the summit of the 
divide between the Bow and Rosebud rivers. 
This point is the terminus of the main canal and 
from it secondary canals radiate in three direc- 
tions. 

The bottom width of the main canal is 60 ft.; 
width on the water line, 120 ft.; side slopes, 3 to 
1; depth of water, 10 ft.; sectional area 900 sq. ft. 
The grade is 0.528 ft. per mile and the computed 
discharge is over 2,000 cu. ft. per sec. 

Between the headgate and Station 157 the loca- 
tion of the canal involved some unusual features. 
To keep the canal line on grade would have in- 
volved throwing it onto the bluff bordering the 
bottom. As this bluff was steeper than the side 
slopes of the canal, it would have necessitated a 
cut reaching entirely to the top and the handling 
of an immense amount of material. Furthermore, 
the soil of which the bluff is composed is not en- 
tirely satisfactory, and, to avoid cutting into it, it 
was decided to let this bluff form one bank of the 
canal and to make the other entirely in fill. Fig. 2 
shows in outline a section of the canal near Sta- 
tion 187. The decision to build the outer bank of 
the canal in embankment was influenced some- 
what by the fact that there is a dsep cut begin- 
ning at Station 137 and the excess of materiai 
from this excavation could be used to make a large 
part of the fill. As the bottom slopes much faster 
than the canal grade, this outer bank of the canal 
continues to rise from the headgate to Station 
137, being at the lower end 30 ft. high and the 
depth to the water line, 26 ft. Where the exca- 
vation begins, the grade line of the canal will be- 
gin again, and it is,expected that in a few years 
this hole in the bottom of the canal will be filled 
by the deposit of sediment from the river, but un- 
til this happens, the outer bank of the canal is 
practically an earth dam supporting in its deepest 
point a pressure of 26 ft. of water. 
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This embankment is being built in the most 
careful manner. The entire surface soil under it 
was stripped, but none of the stripping used; only 
selected material is being placed in this fill. It is 
being spread in successive layers 10 ins. in depth, 
rolled with a roller three tons in weight, fitted 
with exterior bands 4 ins. in depth and 6 ins. 
apart, in order to in- 
sure a perfect. union 
of the different layers. 
Where the material 
is wet enough to com- 
pact thoroughly with- 
out sprinkling this is 


The first heavy cut is 60 ft. deep. In this 
section of the canal is narrowed to a bot: 
width of 44 ft., and the side slopes changed to © 
1, while the grade is increased to 1.06 ft. per n 
producing a velocity which compensates for 
reduced cross section. 

The main canal is divided into four sectj, 
On Section 1 there is 714,000 cu. yards, of w), 
428,000 has been excavated and 286,000 rem. 
to be moved. On Section 2 there is 787,000 
yards, of which 323,000 has been excavated 
464,000 remains to be moved. On Section 3 th 
is 504,000 cu. yards, of which 295,000 has pb. 
moved and 209,000 remains. Section 4 cont. 
351,000 cu. yards. Nothing has been done on - 

The construction of this canal made it nm 
sary to change the main line of the Canadian | 
cific Railway for about 4% miles. This ch 
has, however, resulted in a marked improven 
in both grade and alinement. 

All of the structures on the carial are of 
The cheapness of timber and the high price 
scarcity of labor needed if masonry or con. 
structures were built made it unyuestionably . 
nomical to use wood. The details of the head: 
are shown by Fig. 3 and front and rear view 
Figs. 4 and 5. The protection of the river bar 
also shown in Fig. 4. The headgate has 30 o; 
ings, each 3 x 10 ft. It is set in a foundatio: 
coarse gravel. This is good material except 
the danger from excessive leakage under 
gates. To prevent this, three rows of sheet , 
ing 4 ins. thick have been driven as deep as ; 
sible. 

At the first spillway the grade line of the ca: 
is about 14 ft. above the ground and the w. 
water is let down a plank flume supported |), 


not required, but when- 
ever it is not moist 
enough to make a firm ball of earth by the pres- 
sure of the hands, sprinkling is required. This is 
not only specified on this fill but on all the fills 
along the main canal, its nearness to the main 
line of the railroad causing the company to exer- 
cise unusual precautions to insure its safety. In 
order to facilitate sprinkling, the contractors have 
installed a large pumping plant and pipe line 
running along several miles of the matn canal. 


FIG. 2. CANAL CROSS SECTION NEAR STATION 137. 


piles. Its construction is shown by Figs. 6 and 7. 

Modern machinery is being largely used in thie 
excavation. A floating dredge is used on a part 
of the main line, and steam shovels, self-dumpinz 
earts, and New Era graders are largely used 
along the entire line in the removal of the surfac- 
layers. One of the graders is shown on the firs: 
page of this article. 

The main canal discharges into a lake whose 


FIG. 4. FRONT VIEW OF IRRIGATION HEAD GATE, SHOWING PORTION OF RIVER 
PROTECTION WORK. 
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+h will be raised 18% ft. by a dam at the 
tern end. This reservoir is about three miles 
- and nearly a half mile wide, having a flooded 
of 700 acres. It is a valuable feature of the 
, system for two reasons: it will warm the 
- before it is used in irrigation and serve as 
‘ling basin for sediment and save much work 
eaning out secondary canals. 
SECONDARY CANALS. 
ne location of the secondary canals in this 
m is a difficult problem. The country is not, 
the plains east of the Rocky Mts., a prac- 
» unbroken decline in one direction, but is a 
$ of slopes running towards the streams 
h traverse this block and interrupted by ir- 
lar detached ridges. Not all of the land can 
irrigated, and of the land which can be irri- 
ed there is a wide difference in values, Fur- 


Sectional 


canal from A to H. The length of this system 
will be 65 miles, as against 8214 miles for the 
other. 

This secondary canal will irrigate 110,000 acres, 
divided into several districts by natural bound- 


of $1 an acre for laterals, the surveys of which 
have not yet been made. 


Several of the contractors are from the United 


States, Winston Brothers of Chicago and Corey 


Brothers Construction Company of Ogden, Utah, 
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FIG. 3. DETAILS OF HEAD GATE, CANADIAN PACIFIC IRRIGATION WORKS. 


thermore, the plan of the company to combine the 
irrigated and unirrigated areas renders it neces- 
sary that the irrigated tracts should be dis- 
tributed throughout the entire block. Hence, in 
locating the secondary canals, the engineer has 
to decide three questions: first, the land to be 
irrigated; next, how far natural channels can be 
utilized; and third, the number and location of 
the secondary canals. 

In the case of the secondary canal shown on the 
map there were the following alternatives: 


(1.) A main canal from A to B, carrying the 
full supply of water for all the district. 


(2.) A branch canal from B around the north 
end of Weed. Lake, which would divide at Reser- 
voir No. 3, continuing as two canals to J. 

(3.) A branch canal from B to G carrying wa- 
ter for the lands south of the railway on the 
Row River slope. 

(4.) A single main canal from A ‘to Reservoir 
No. 3, and two canals from there to J, carrying 
water for all the lands under consideration. 

The first three form one plan; the fourth, an- 
other. The following figures show there is little 
difference in first’cost. The first cost of the canal 
under the first plan would be $388,580. Of this, 
$55,883 would be for timber structures, which it 
is estimated would have an annua! depreciation of 
at least T% or $3,912, being 6% interest on $65,200, 
Adding the capitalized value of this depreciation 
to the first cost, $388,580, would make the ulti- 
mate cost $453,780. The estimated first ¢ost ac- 
cording to Plan 4 would be $395,143. Of this, 
$38,179 would be for timber work, of which the 
annual depreciation at 7% would be $2,672 or 6% 
interest on $44,533, making the ultimate cost of 
this system $439,676. From this it will be seen 
that practically the only advantage of Plan 4, so 
far as ultimate cost ‘is concerned, is the less 
amount of timber work used. It has been 
adopted, not so much because of the slight theo- 
retical difference in favor of its cost, because 
there will be less loss of water and less expense 
in patrolling if the water is all carried in one 


aries. The accompanying table gives the areas of 
these districts, the capacity of the canals which 
water them, and the cost chargeable to each dis- 
trict for excavation. 

To this there will be added an additional charge 


Table Giving Estimated Cost for Grading Secondary Canal A and Cost per Acre for Each District Supplied Ther 


being among the number. About 500,000 acres of 
the land has already been sold, and it is reported 
that Minneapolis parties are planning to erect a 
beet sugar factory in the Gleichen district, at a 
cost of $800,000. 


efrom. 
Irri- Sec. ft. required ——Cost of — —-——— --— - 
Division gable per —Canal division.- — 
of District. acres Division Grading 
canal. in Dis- ot Sec. Sec. Acre. Totals, 
district. trict. canal. eanal, ft. ft. 
a—b...... North Langdon...... 3,400 22.67 733.33 $33,674 $45.92 $45.92 30 $1,020 
b— c......South Langdon...... 1,100 7.33 710.67 28,432 40.07 85.99 57 627 
d...... 8,800 58.67 603.34 43,240 80.00 165.99 1.10 
d— e......8trang Muir.......... 15,900 106.00 544.67 30,736 56.43 222.42 1.48 
e— f...... ae 16,800 112.00 432.67 43,101 98.27 320.69 2.14 
6,000 40.00 326.67 22.610 69.21 389.90 2.60 
4,500 30.00 286.67 29.591 103.22 493.12 3.28 ' 
7,500 50.00 210.00 52,834 251 58 744.70 4.96 37,200 
24,000 160.00 160.00 33,010 206.31 951.01 6.34 152,160 
Total 110,090 Total cost......... $322,228 $322,041 


FIG. 5. REAR VIEW OF IRRIGATION HEAD GATE. 
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CHARACTERISTICS OF TWO COMPANION STREAMS OF 
THE PLAINS. 
By E. C, Murphy,® Assoc. M. Am. Soc. C. E. 

The Neosho and Verdegris Rivers are two com- 
panion tributaries of the Arkansas River that 
drain long and comparatively narrow strips of 
land in eastern Kansas and Indian Territory. The 
remarkable fluctuations in the flow of these 
streams, the maximum being very large and the 
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FIG. 6. DETAILS OF SPILLWAY ON IRRIGATION 
CANAL OF CANADIAN PACIFIC RAILWAY. 


minimum very small, and the effect of these ex- 
treme changes on water power possibilities and 
losses due to floods along them make a study of 
their behavior of interest and value. 

A gaging station was maintained on each of 
these streams by the Hydrographic Branch of the 
U. 8S. Geological Survey for eight years. These 
records cover a wide range of fluctuations of 
stage and discharge, and probably include the 
largest extremes that are likely to occur for many 
years. The data for this paper are taken with 
the permission of Mr. F. H. Newell, Chief Engi- 
neer of the Reclamation Service, from various re- 
ports and publications of this survey. 

The Neosho River rises in Morris County, Kan- 
sas, Just south of the watershed of the Kansas 
River, flows in a general southerly direction, and 
empties into the Arkansas River at Fort Gibson, 
Indian Territory. In a direct course the river has 
a length of about 260 miles; its distance measured 
along the stréam is much greater, as it is very 
crooked. It falls from an elevation of about 1,500 
ft. to 800 ft. at a point 27 miles north of the 
Kansas and Indian Territory line in 136 miles. 
From this point to the mouth !t falls 300 ft. in 
about 110 miles. The average fall of the stream 
from Emporia to the mouth fs less than 2 ft. to 
the mile, and there are stretches of 20 miles or 
more where the fall is only 1.7 ft. per mile. There 
are stretches of 10 miles or more where the river 
is so crooked that the length measured along it 
is more than twice that measured in a direct 
course. These numerous bends, together with the 
trees that grow thickly to the water's edge in 
some places, reduce the already small slope of 
the stream so much that the effective slope is 
probably not more than 1.25 ft. to the mile in 
many places. 

The upper part of the river’s drainage area is 
hilly pasture land, from which the water flows 
rapidly; the central and lower part is rolling cul- 
tivated land. There are no forests on the water- 
shed, but narrow strips of trees are found along 
the greater part of the stream in Kansas. The 
principal tributaries are the Cottonwood, which 
enters it from the west near Emporia, and Spring 
River, that enters from the east a little south 
of the Kansas line. 

The Verdegris River drains an area imme- 
diately west of the Neosho River. As compared 
with Neosho, the Verdegris rises about 40 miles 
farther south and at about 100 ft. less elevation, 
flows nearly parallel to it and empties into the 
Arkansas only a few hundred feet from the 
mouth of the Neosho. It falls more rapidly in its 
upper course than the Neosho, reaching the state 
line at an elevation of 680 ft., falling from an ele- 
vation of 1,400 ft. to 680 ft. In about 151 miles: 
the Neosho falls less rapidly, reaching the state 
line at an elevation of about 770 ft. From the 
state line the Neosho falls about 270 ft. and the 


*Engineer, U. S Geological Survey, Hydrographic 
Branch, Washington, D. C. 


Verdegris about 180 ft. As a result of these dif- 
ferences in topography of drainage area, the Ver- 
degris flows in a narrow deep channel; the Neosho 
is wider, has low banks, and is subject to overflow 
in many places, notably near Chanute. Near the 
mouth the differences are very marked; the 
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The drainage area of the Verdegris coy.-. 
8,610 square miles. The upper. a 
mainly hilly pasture land, having a gen. ck 
of about 25 ft. to the mile towards the ;: he 
central portion is general rolling cultiya:. 
There are no forests in the drainage b.- 
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Verdegris is deep, 250 ft. wide, with scarcely a 
perceptible current at ordinary stage of water; 
the Neosho is from 600 to 800 ft. wide, is shallow, 
and has a fairly rapid velocity. 

The principal tributaries of the Verdegris are 
Fall, Elk and Cany Rivers and Bird Creek; these 
all enter from the west and flow in a southeast- 
erly direction. The two former have a very rapid 
run-off, and are important factors in the flood of 
the main stream. 


occasional narrow strips of trees grow along the 
streams. 

The mean annual rainfall over these drainige 
basins varies from 35 ins. in the western part to 
45 ins. in the eastern part. 

The gaging station on the Neosho River is lo- 
cated at the highway bridge at Iola, about 15) 
miles from the source, and is shown in Fig. 1. 
Surface fluctuations were read twice daily on 4 
gage from August, 1895, to November 30, 1905, 


FIG. 7. VIEW OF SPILLWAY UNDER CONSTRUCTION ON IRRIGATION CANAL OF CANADIAN P. 
CIFIC RAILWAY. , 
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7 a . Neosho River at Iola, Kansas, ior Table 11.—Maximum and Minimum Discharge of Neosho River at Iola, Kansas. (3,670 square miles.) 
LB 1896, to November, 1908. ———-Maximum Discharge.——— Discharge 
the . mile. ‘rom ‘rom 
1800. 1900. 1901 1902. 1903. Mean. “Year. Date Gage Total Per Date Gage Total Per 
1896. 1897. 0.002 0.097 0.049 0.121 0.101 0.176 0.091 Height. Drainage Square Height, Drainage Square 
. 0.084 oe 0.127 0.168 0.054 0.834 0.160 0.284 0.201 Area. Mile. Area Mile 
0.202 0.188 0.583 0.710 0.272 0.164 0.575 0.846 1895a Sept. 12 October 2.03 
Oog8 0.244 0.205 0.242 0.607 1.899 0.228 0.602 0.596 106 May 24 21.10 12.4 Sept.-Oct. 2.00 
0.108 2.413 0.298 1.117 0.290 1.522 2.495 1.380 1897 March 5 6.35 1.32 October 1.70 
5 247 0.009 1.461 1.136 0.289 0.260 3.186 2.922 1.200 1898 June 27 20.50 7.60 Jan.-Feb Lo 1 0.00027 
0348 0.044 0.107 0.938 0.209 0.069 0.591 0.306 0.326 1899 June 17.03 6.05 Oct.-Dee. 2.40) BO O.O14 
O18 0.020 0.148 0.084 0.055 0.048 1.739 1.665 0.472 1900 Nov. 2 18.95 8.29 Jan. & Aug.-Sept, 2.10 145 0.040) 
: “002 0.002 0.185 0.064 0.552 0.028 1.352 0.380 0.319 1901 April 17 13.80 5.25 Oct.-Dee O50 10 0.0027 
0.003 6.000 0.108 0.027 0.550 0.009 1.278 0.638 0.314 1902 June 11 21.25 9.69 January 2.00 190 0.052 
087 0.000 0.131 0.014 0.931 0.009 0.305 1.157 0.327 1903 June 3 22.00 10.7 Sept.-Oct. 2.00 120 0.083 
0.024 0.000 0.629 0.020 0.104 0.010 0.607 *0.199 0.199 = 1904a July 10 24.00 74,600 20.3 teh ; 
 Ja00 0.115 0.475 0.805 0.436 0.279 0.995 0.942 0.481 (a) Raeord for part of year. 


_verage of the December run-off for the preceding 
en years. 


| a sufficient number of discharge measure- 
‘ts made with current meter to enable the 
\y, monthly and annual flow of the stream at 
. place to be computed. The maximum range 

» stage as shown by the 


south of Independence. Surface fluctuations were 
observed twice daily on a gage and a sufficient 
number of discharge measurements made with 
current meter to enable the daily, monthly and 
annual run-off to be computed for the period 
August, 1895, to November, 1903. The maximum 


heights at this 

e is abeut 22 ft. , 
rhe method in use by 
Hydrographic Branch 
of the U. S. Geological 
survey for estimating the 
fjow of streams may be 
found in the MHydro- 
graphie Manual, Water 
Supply Irrigation 


Paper No. 95. 

The monthly and an- 
nual estimates of run-off 
for the eight years, 1896 
to 1903, are given in 
Table I. Data on the 
maxiraum and minimum 
deily flow of this stream 
at this place are given 
in Table IL. 


Fig. 2 shows graphic- 
ally the menthly rate of 
flow at each of these sta- 
ticns, expressed in cu, 
ft. per sec. per sq. mile. The curve A B is for the 
Neosho River, and C D for the station on the 
Verdegris River. Time in months is used as 
abseissae and rate of flow in second feet per 
square mile as ordinates. 

Although this station was discontinued Novem- 
ber, 1908, the gage was not removed, and from 
high-water marks it was possible to estimate the 
discharge of the river at this place during the 
great flood of July, 1904. It is seen from these 
tables that the maximum yearly flow of this 
stream may occur in any month from March to 
July, inclusive, or in November. The largest 
flood occurred July 10, 1904, and had a mean rate 
of flow for that day of 74,600 cu. ft. per second, 
or 20.3 cu. ft. per second per square mile. This 
flood remained within 4.5 ft. of maximum stage 
for 11 consecutive days. 

It is seen that for two consecutive months in 
1896 the river was dry at this place. In 1897 and 
1S98 it was practically dry for six consecutive 
months. The daily rate of flow is seen to have 
varied from 0 to 70,600* cu. ft. per second; the 
monthly rate of flow varied from nothing to 45,- 
560 cu. ft. per second, and the annual rate of flow 
varied from 102 to 3,4327 cu. ft. per second. These 
figures, and the curve A B, Figz 2, very clearly 
show the flashy character of this stream. 

The gaging station on the Verdegris River was 
located at the highway bridge about six miles 


“Including the year 1904, 
jNot including 1908. 


FIG. 1. 


TABLE lIIl.—Run-off of Verd 


9 River at Li Kan., 
for the Period January, to November, . » 
Second-f sq. mile. 

1896. 1897. 1898. 1899. 1900. 1901. 1902. 1903. Mean 
Jan...0.216 0.289 0.035 0.104 0.021 0.151 0.015 0.243 0.134 
Feb. .0.139 0.518 0.353 0.112 0.027 0.300 0.066 0.765 0.285 
Mar. .0.079 0.718 0.435 0.325 0.431 0.328 0.116 1.340 0.472 
Apr...0.221 0.923 0.280 0.406 0.408 1.067 0.087 0.987 0.547 
May. -1.363 0.411 2.017 0.582 0.800 0.181 1.758 3.542 1.326 
June..0.717 0.165 0.800 1.269 0.193 0.040 2.573 1.298 0.882 
July. .0.554 0.133 0.127 1.445 0.604 0.004 0.342 0.505 0.463 
Aug. .0.015 0.009 0.162 0.076 0.017 0.010 0.343 0.493 0.141 
Sept. .0.023 0.007 0.168 0.006 1.211 0.050 0.957 0.425 0.356 
Oct.. .0.196 0.008 0.020 0.002 1.055 0.018 0.566 0.358 0.276 
Nov. .0.331 0.001 0.040 0.004 1.228 0.012 0.521 0.771 0.364 
Dec. .0.146 0.004 0.475 0.006 0.173 0.017 0.603 *0.203 0.203 
Mean .0.333 0.267 0.409 0.357 0.518 0.182 0.661 0.911 0.454 


coven Sane = the December run-off for the preceding 


DAM AND GAGING STATION ON THE NEOSHO RIVER, 


NEAR IOLA, KAN. 


range of stage as shown by the gage heights is 
about 40 ft., that is, about 18 ft. greater than at 
the station at Iola on the Neosho. The monthly 
and annual estimates of run-off obtained at this 
gaging station are given in Table III., and data 
on the maximum and minimum daily flow in 
Table IV. 


gaging station during the great flood of July, 
1904. The rate of flow on July 8, when the stage 
was a maximum, was found to be about 50,400 
cu. ft. per second, or 16.4 second-feet per square 
mile. From this table it is seen that the daily 
flow during the period covered by the record has 
varied from 2 to 50,400 cu. ft. per second; the 
monthly rate of flow has varied from 2 to 10,804 
cu. ft. per second, and the annual rate of flow 
varied from 556 to 2,080 cu. ft. per serond. It is 
seen that for four consecutive months in 1899 the 
monthly flow was not more than 18 cu. ft. per sec- 
ond. These results indicate a flashy stream, yet 
not as flashy as the Neosho River. 

It is frequently assumed that the monthly 
run-off per square mile from two adjacent drain- 
age areas having nearly the same size and topog- 
raphy is practically the same, so that if the 
monthly run-off from one of them is known, the 
monthly run-off from the other can be computed. 
It is difficult to find two adjacent drainage areas 
that are nearer of the same size and topography 
than those of the Verdegris and the Neosho. It may 
be seen from Tables I. and III. that while the 
mean rate of flow from these basins for the eight 
years is nearly the same, and the difference is 
what would be expected from the difference in 
rainfall, yet the corresponding monthly run-off 
pes Square mile is occasionally several times as 
great from one of these basins as from the 
other. The mean run-off in 1897 from the Verde- 
gris Basin was more than twice that from the 
Neosho Basin for the same period. The mean 
August run-off per square mile for the eight years 
is seen to be more than three times as great for 
the Neosho as for the Verdegris basin. This 
assumption does not, therefore, appear to be a 
safe one, especially for this section of the country. 


1897 1898 18999 - | 1900 1901 i902 | 1903 | 
Weosho River at lola, Hansas | ] 
| 
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FIG. 2. MONTHLY RATES OF RUN-OFF FROM DRAINAGE BASINS OF NEOSHO AND 
VERDEGRIS RIVERS. 


This station was discontinued on November 30, 
1903, but from gage readings taken at Inde- 


pendence in 1903-4 during the floods it was pos- 
sible to compute the maximum rate of flow at this 


There is a dam a short distance above the 
gaging station at Iola, shown in Fig. 1, that has 
a crest length of 216 ft. and has a head of 8 ft. 
when the gage reads from 2 to 3 ft. As the river 


Table I1V.—Maximum and Minimum Discharge of Verdegris River at Liberty, Kansas. (3,067 square miles.) 


Maximum Discharge 


—in 
From 

Year, Date. Gage Total Per 
Height. Drainage Square 

Area, Mile. 

18954 Sept. 11 35.50a 37,000 12.1 
1896 May 24 23.75 19,900 6.49 
1897 April 30 28.00b 26,100 8.51 
1898 May 4 31.00c 30,690 10.0 
1899 July 9 80.45 29.876 9.74 
190¢ Sept. 30 36.00 36,950 12.0 
1901 April 13 20.40 16,260 5.80 
1902 June 7 83.37 33,018 10.8 
1903 May 23 89.00 41,450 13.5 
19044 July 8 41.00 50,400 16.4 


(a) Absolute maximum, 36.40. 
(b) Absolute maximum, 28.20. 


Minimum Discharge 
—-in Second-feet,———- 


From 
Date. Gage Total Per 
Height. Drainage Square 
Area. Mile. 
October 2.20 155 0.051 
September 1.70 5 0.0016 
Nov.-Dec. 1.60 2 0.00065 
September 1.60 2 0.00065 
October 1.60 2 0.00065 
August 1.55 7 0.0023 
Aug.-Sept. 1.20 2 0.00065 
Jan.-Feb. 1.90 40 0.013 
0.091 


Septem ber 2.80 280) 


(c) Absolute maximum, 31.50. 
(4) Record is for part of year. 
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stage increases, the head on the dam decreases, 
i. e., the water rises more rapidly below the dam 
than above it, producing a decrease of head with 
increase of stage. When the gage reads 9 or 10 
ft. the head is reduced to about 2 ft., and it be- 
comes necessary for the mill to shut down for 
this and all higher stages. During the year 1897 
there were 118 days, i. e., nearly one-third of the 
year, that there was not sufficient water flowing 
in the river to operate this mill. In 1896 there 


theater at Harvard is similar to the ancient 
stadia of Greece. These structures were origin- 
ally nothing more than a natural hollow, in the 
basin of which the contests took place, while the 
spectators were seated on the surrounding sloping 
hillsides. Later the natural amphitheater was 
brought artificially into more regular shape and 
still later the sloping sides were provided with 
seats of masonry constructed on the ground. The 
final development was an entirely artificial struc- 


PHOTOGRAPH OF MODEL OF HARVARD STACIUM EXHIBITED AT ST. LOUIS. 


was sufficient water flowing in the river to run 
the mill every day of the year; but for nine days 
the mill was necessarily idle on account of back 
water. 

These streams are not as largely used for power 
purposes at present as formerly, chiefly on ac- 
count of a better knowledge of the flashy charac- 
ter of the streams. The mill near the gaging 
station at Iola was burned a few years ago, and 
has not been rebuilt. The mill near the gaging 
station on the Verdigris was abandoned some 
years ago, and the dam is gradually being de- 
stroyed by floods. Several other power sites along 
these rivers have been abandoned within the last 
few years. 

The destruction of property resulting from the 
overflows of these streams is each year becoming 
larger as the country becomes more thickly set- 
tled. The bottom land along the river is very 
productive, and large crops of wheat and corn are 
grown on it. It is subject to overflow for a width 
varying from one-half mile to three miles. How 
to regulate the flow of these streams so as to in- 
crease the minimum flow for power and city sup- 
ply purposes and to hold back the peak of the 
floods so as to prevent overflow is a very im- 
portant problem. The most natural solution, and 
the popular one, is storage, but unfortunately the 
topography of this region will not permit eco- 
nomic storage. The only remedy appears to be 
the hastening of the flood water from the drain- 
age area, and the use of levees to prevent over- 
flow where the benefits derived therefrom will 
justify the cost. 

Levees have been used along the Neosho in 
Neosho County since 1892. At present there are 
19 of these levee districts, varying in size from 
2°90 to 2,000 acres, depending on the topography of 
the country. The cost per acre of reclaiming the 
land has varied from $8 to $12. ‘Phe flood of July, 
1904, overflowed all these levees and damaged 
some of them to & large extent. They have pro- 
tected the land, however, against all floods, except 
the larger ones. By placing the levees ata greater 
distance apart, so as to give ample water way to 
the river, making them somewhat higher and pro- 
tecting them at exposed places, there appears to 
be no reason except that of cost why the lands 
along these streams cannot be saved from 
overflow. 


DETAILS OF REINFORCED CONCRETE WORK IN THE 
HARVARD STADIUM. 


DESCRIPTION OF STRUCTURE. 

The new stadium, cr amphitheater for athletic 
contests, recently built at Harvard University, 
merits attention from engineers as an example of 
the use of reinforced concrete on an exceptionally 
large scale. As its name indicates, the new amphi- 


ture of masonry surrcunding a level arena, and it 
is this last ferm of structure that is exemplified by 
the stadium constructed at Harvard. 

GENERAL CONSTRUCTION.—In plan the 
Harvard stadium has the form of a letter JU, 
which has a developed length from tip to tip of 
1,390 ft. The axial length of the U is 576 ft., ana 
its width is 420 ft. Tne width of each arm of the 
U is 98 ft. The seating capacity is about 25,00U. 
The general character of this structure is quite 
clearly shown by the cross-section given in Fig. 1. 
It consists of an inside and an outside wall, paral- 
lel to each other and 93 ft. apart, c. to c., and of 
three intermediate rows of columns and girders 
parallel to the walls. The inside wall and the 
three rows of columns support transverse steel 
girders inclined to support the sloping banks of 
seats, while the outside wall and the adjacent row 
of columns carrying two promenade floors running 


structural elements demand separate conside 
tion. The dotted portion of Fig. 1 shows the Pp 
tion of the structure not yet built. 

COLUMN CONSTRUCTION.—The main < 
porting elements of the stadium structure 
rows of columns earrying lines of girders. Th 
are, as shown by Fig. 1, five of these rows of . 
umns, two of which are within the outside . 
inside walls. The inside wall columns (Row 
are square and solid and are connected jp, 
solid curtain wall, and the outside wall 
umns are of special hollow. construc: 
which requires s2parate description. 
intermediate columns are all solid. The « 
columns vary in size from 12 x 12 jns. 
24 x 33 ins., and each is reinforced by four 
tical rods placed at the corners and tied toge 
at intervals by hoop rods. The vertical rods 
%-in. for the smaller columns and %-in. for 
larger and the hoop rods are all %-in. Fu; 
details of the column construction are show), 
the accompanying drawings. 

In designing the solid columns the reinf. 
ment was counted on to take flexure and 
slight shear as might result from overload, } 
was not considered as taking any compres: 
The cross-section was determined by applying 
allowed compression stress of 350) Ibs. to 400) | 
per sq. in. to the maximum combined live i 
dead load, increasing the results thus obtsi:. 
whenever necessary to keep the ratio of the J+: 
to the least side down to about twelve. 

GIRDERS.—The reinforced concrete beam \ 
comprises simple girders of 24 ft. 9 ins. gs; 
with sections 16 x 47 ins., 18 x 45 ins., 22 « 
ins., and 24 x 60 ins., and two systems of curs 
cantilever girders in Row D, Fig. 1, with sectio 
18 x 45 ins., and 24 x 60 ins., respectively. In the «: 
sign of the reinforced concrete girders it was as 
sumed, in providing for flexure: (1) That cross- 
sections of the beams remain plane after loading, 
(2) that the tensile strength of the concrete is 
zero; (3) that the distribution of the stress on the 
compression side of the vertical axis is parabolic,” 
(4) that the axis of the parabola is paralle! to the 
longitudinal axis of the beam and its vertex is at 
the compressed edge*; (5) that the ratio of th 
modulus of elasticity for steel in tension, Es, to 
that of the concrete in compression, E,, is 7*:*; 


(6) that the proper limiting stresses for concret: 


THE HARVARD STADIUM NEARLY COMPLETED. 


entirely around the seating space, and will ulti- 
mately carry a colonnade and roof over the 
upper of these promenades. With the ex- 
ception of the inclined transverse girders and 
their trussed supports, the entire structure is of 
reinforced concrete. The reinforced concrete con- 
struction comprises therefore, columns, girders, 
curtain and parapet walls, and the floor and seat 
slabs and stairways. The more important of these 


in compression and steel in tension are 500 |! 
and 16,000 Ibs. per sq. in., respectively. 

The first four of these assumptions, with 
aid of the ordinary principles of statics, yield ' 
the moment of resistance of a beam M = Kb! 
where b and h are the breadth and depth of t! 

*Assumptions 3 and 4 are those of Professor Hatt 


Engineering News of July 17,902; assumption 5 is th 
of Mr. J. W. Schaub in Engineering News of April « 
1903. 
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. the latter being measured to the center 
ravity of the steel reinforcement, K is 
ficient depending upon the ratio, p of the 
reinforcement to the product b h, upon the 
able working stresses, upon the assumed 
. distributed and upon the ratio of Es to 
4 adding a small amount to h for embedding 
-otecting the rods, the actual over-all depth 
beam is found. 
pressing K algebraically, it may be said to be 
ever proves smaller of the two expressions, 


3x 

K = %f, x (1———) 
8 

8x 

K = fsp (i — 


re f, and fy are the maximum allowable unit 
sses in the concrete and the steel, respectively, 
: where x is the fraction of h which measures 


following is a numerical example of the use of the 
K’s: 

Problem.—Required the size and reinforcement of a re- 
inforced concrete girder to resist a flexure, including an 
allowance for its own weight of 2,000,000 In.-lbs. The 
economical steel ratio is assumed to be 0.008, other as- 
sumptions as stated above. 


a 
1814 
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£/.62.4 
| =e 
la". 
» 
ah 
— 4 d 


16x47 


yy 


FIG. 1. TRANSVERSE SECTION THROUGH TANGENT OF HARVARD STADIUM BETWEEN 
AISLES. 


the distance from the compression edge to the 
neutral axis and is written 


SE. 


The K’s were computed and tabulated for vari- 
ous values of p on the basis of assumption 4, 5 
and 6. They are given in the Table I in which are 


Table 1.—Showing Values of K for Concrete and Steel Stresses 
not Exceeding 500 lbs. and 16,000 Ibs. Respectively. 


E, E, E, 
P. K for—=6 K for — = 7.5 K for——10 

E, E. 
O01 16 15 15 
02 81 80 30 
45 45 44 
004 54 60 59 
65 73 
006 64 69 78 
007 68 74 82 
008 72 78 86 
009 75 81 90 
O10 78 84 94 
O12 83 90 100 
O14 88 96 105 
016 93 160 110 
O18 96 104 114 
020 100 107 118 
080 114 122 132 
040 124 132 142 
131 139 150 

Es 
included for comparison results for = 6 
; E, 

and 10. 


Under ordinary circumstances, p = 0.007 was 
taken as the most economical value. This gives 
K = 74 and M = 74 bh*. Where lack of room 
forbade the use of beams as large as this would 
require, a higher value of p and K indicated a 
smaller and equally strong beam. On the other 
hand, where beam sections were fixed by a priori 
conditions at abnormally large sizes, a reduced 
value of p would be selected and economy of steel 
effected. Thus it appears that these tabulated 
K’s render the design of reinforced concrete 
beams for a given bending moment as simple and 
expeditious as the design of rectangular wooden 
beams. The K’s are seen to be quasifiber- 
Stresses. Multiplied by the product of area and 
length expressed in b h* they give the moment 
of a couple as they should. The K’s multiplied 
by 6 give quantities comparable to the fiber 
stresses allowable in wooden beams. It will be 
observed that reinforced concrete beams are usu- 
ally to be rated as inferior in strength to spruce 
ones of the same dimensions, and this, too, apart 
‘rom questions of their greater overweight. The 


Solution.—In the table the K is stated as 78. 
2,000,000 


78 


ins. h | — 


Then 


b h? = == 25,640 ins. If b be assumed at 15 


= 41.3 ins. This proportion of b to 


h being satisfactory, the steel section required is 0.008 
x 15 x 41.3 = 4.96 sq. ins. This suggests the use of five 
1-in. rods. They could all be put in one layer. Adding 
2 ins. below their level, the working depth of the beam 
becomes 43.3 or in round numbers 43.5 ins. The re- 
quired beam would be 15 x 43.5 ins. and would be rein- 
forced with five 1-in. square rods. 


The foregoing was the basis of determination of 
the cross-section of the girder and of the steel in 


RS 


rods were used in all girders where the shear ex- 
ceeded about 20 lbs. per sq. in. These stirrups 
were made of two and in some cases of three U's, 
bent and wired together to template. By being thus 
accurately made they aided in the correct distri- 
bution of the lower flange rods. The stirrups were 
set in planes transverse to the girder and usualiy 
vertical and were cross-sectioned and spaced so 
that at intervals along the beam not exteeding its 
depth there was a sufficient cross-section of stir- 
rup to take up in tension enough of the shear to 
leave a balance which, divided by the gross cross- 
section of the girder, would amount to not over 
25 Ibs. per sq. in. In some of the smaller girders 
and at critical points in the largest ones the stir- 
rups could take up the whole shear without over- 
stepping 16,000 Ibs. per sq. in. in the steel. Care 
was taken in all cases to see that the stirrups had 
sufficient anchorage above and below the middle 
of the girder to develop their tensile strength 
without pulling through the concrete. As a fur- 
ther precaution in this line, the rods at the open 
ends of the stirrups were bent at right angles. 

The construction of the girders is illustrated by 
the drawings of Fig. 2 showing the plain girders 
carried by the columns of Row C, Fig. 1, and by 
the drawings of Figs. 3 and 4, showing the upper 
and lower girders, respectively, carried by the 
columns in Row D, Fig. 1. The drawings are so 
plain that little explanation is necessary except in 
connection with the cantilever beams. The pur- 
pose of this construction was to retain the same 
cross-section throughout the curve as was used 
on the tangents and to some extent to counterbal- 
ance the rotary effect of the curvature of the gir- 
ders. The ends of the suspended beam and of the 
cantilevers being critical points subject to very 
severe shear they were stepped so as to reduce 
the effective concrete area as little as possible, 
and were reinforced with especial care. The stir- 
rups used here were of special construction; were 
placed in an inclined position and were designed 
to resist the whole vertical shear. 


The cantilever ends tend to act as joints at 
which the shrinkage stresses are relieved. The 
first suspended span to be built shortened in hard- 
ening and slipped on the treads of one of the 
slipped ends, so as to show a crack through the 
extent of the risers at the joint, and in slipping 
epalled the corners of the step. After this four 
1-in. rods were put in at mid-height of the gir- 
der and lengthwise with it, crossing the joint and 
extending into both the cantilever and the sus- 
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FIG. 2. DETAILS OF COLUMNS AND GIRDERS IN ROW C, ON CURVED PORTION OF HARVARD 
STADIUM. 


the tension flange. The vertical reinforcement was 
given no less consideration. The recommendation 
of the French authority Christophe not to permit 
beams in which the average unit shear oversteps 
14 to 30 lbs. per sq. in. to go without vertical rein- 
forcement of steel, supported as it was by ex- 
inperiments by Professor Johnson, was adopted. 
Accordingly stirrups or frames made of Ransome 


pended beam far enough to develop the strength 
of the rods, with a view to preventing this slip- 
ping. So far as observed the result has been sat- 
isfactory. Shrinkage joints are thus kept about 
115 ft apart in this line. At the ends of these 
intervals are opportunities for the shrinkage to 
take place harmlessly. Besides using rods, the 
steps were finished off with a troweled surface 
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FIG. 3. DETAILS OF COLUMNS AND GIRDERS IN ROW D, ABOVE MEZZANINE FLOOR, 
HARVARD STADIUM. 


truly level, so as to have things in shape for a 
harmless slip should the rods prove ineffective. 

FLOORS.—The promenade floors were made of 
ribbed slabs about 8 ft. 3 ins. wide and 18 ft. 6 ins. 
in span, cast alternately in place, thus provid- 
ing shrinkage joints at the edge of every slab. The 
thickness of the body of the slab is 4% ins., ex- 
clusive of granolithic finish, and the flanges are 
& x 18 ins., making practically a 4%-in. flat floor 
resting on 12 x 18-in. joists spaced 8 ft. 3 ins. on 
centers, and having a span of 16 ft. in the clear. 

SEAT SLABS.—The seat slabs are a series of 
L's set up so as to form a flight of treads and 
risers. They are of crusher dust concrete poured 
at the consistency of cream and reinforced as 
shown by Fig. 5. The slabs on the semicircle were 
made curved; all the others were straight. As 
indicated by Fig. 1 the slabs are supported by 
brackets riveted to the inclined I-beams carried 
by the inside wall and the three succeeding rows 
of columns. 

WALLS AND PARAPETS.—The ends of the U 
forming the stadium are closed with plain cur- 
tain walls between solid columns. This construc- 
tion calls for no particular description. The same 
is true of the inside wall, Row A, which is also a 
solid curtain wall between columns. The outside 
wall is of rather special construction. It consists 
of a series of wide piers in two stories carrying gir- 
ders and surmounted by a parapet wall, the whole 
giving the effect of arcades. The actual con- 
struction is indicated by the section, Fig. 1, and 
by the special elevations and sections of Fig. 6. 
The wall piers are designed in the same general 
way as were the solid columns previously de- 
scribed, with four vertical rods at the corners, but 
they were made hollow, and 66 x 36 ins. in cross- 
section. The shells on the 66-in. sides are 4 ins. 
thick and those on the 36-in. sides are 6 and 8 ins. 
thick. The latter are counted on as furnishing 
the whole compressive strength. The construc- 
tion of the girders is sufficiently clear from the 
drawings. 

The special problem in the design of the walls 
and parapets was how best to provide for shrink- 
age, so as to minimize the evil of cracking from 
this cause or from temperature changes. One way 
was frankly to leave joints at short intervals and 
free to open; the other way was to attempt to 
prevent all cracks by the aid of proper reinforce- 
ment. 

In the outside wall a combination of the two 
methods was adopted. Expansion joints were in- 
serted at intervals of 16% ft., but they had to be 
placed over the centers of the piers, in spite of 
its being realized that the friction from the 
weight of the superimposed mass would probably 
prevent all sliding and thus prevent such joints 


from being effective. Consequently the wall was 
heavily reinforced by %-in. bars, spaced 6 ins. 
apart, with a view to defying temperature 
changes. The inside wall was not specially 
reinforced in this way, but expansion joints 
were inserted at 16% ft. intervals. These joints 
opened perceptibly immediately upon hardening 
and now constitute open joints sometimes 1-16-in. 
in width, but changing as the temperature rises 
and falls. The end walls, which are some 70 ft. 
long and from 9 to 50 ft. high were reinforced 
with \%-in, rods spaced 6 ins. apart. They are 
without shrinkage joints. 
METHODS OF CONSTRUCTION. 

Haste was required in the construction of the 

stadium owing to the need of it for coming ath- 
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observed that concrete from the mixer was . 
by cars to two cableways. These had 
carrying ropes and straddled the two arms . 
structure. The task of making and deposit 
concrete and of placing the reinforceme),; 
sented comprised few feature of especia| 
est. The concrete was deposited in a sem). 
state and tamped enough to remove air }) 
The forms were of wood planed and pile, 
the surfaces were exposed to view ani 
dressed in all other places. The reinforc: 
were twisted at the mill but were bent 

in the field, a force of six or eight men by 
quired for the work. 


In some respects the most interesting f: 
the construction was the molding of th 
slabs. There were 4,800 of these slabs a) 
were cast in sand molds constructed as 
by Fig. 8. The patterns were placed in th 
as shown, and the sand packed around th: 
the box B inserted to save sand and ligh: 
mold. The cover A was clamped in place ; 
flush inverted by a derrick. Cover C wa; 
removed and the pattern withdrawn. Th: 
forcement previously wired together was th. 
in place guided by a template. The concre 
composed of cement and crusher dust an! «4s 
mixed to the consistency of cream which « i 
it to be poured into the molds. A gang of 
rienced molders could turn out about fifteen 
per day for straight slabs and from four o 
per day for curved slabs. In warm weather: | 
cast slabs were removed from the molds in tw: 
three days and kept under wet burlap 
needed. In setting the slabs in place it was fou) 
necessary to do considerable chipping althoug) 
an allowance of %-in. had been made for jc 

Five months and two days from the setting « 
the first battle boards and less than five months 
from the turning of the first shovelful of earth 
the stadium was occupied comfortably to its ful! 
final capavity. 

The engineering design of the stadium was in 
the hands of Prof. L. J. Johnson, of Harvard Uni- 
versity, with Mr. J. R. Worcester, M. Am. So 
Cc. E. of Boston, as consulting engineer. Mr. ©. F. 
McKim and Mr. G. B. Gersdorff, both of New 
York, handled the architectural side of the prob- 
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FIG. 4. DETAILS OF COLUMNS AND GIRDERS IN ROW D, BELOW MEZZANINE FLOOR, 
HARVARD STADIUM. 


letic contests. This made it necessary to install 
a rather elaborate plant, the general arrangement 
of which is shown by Fig. 7. As will be seen the 
plant consists of two parts, one for the concrete 
work on the stadium proper and the other for 
the work of molding the seat slabs. 

Considering the stadium work first it will be 


lem, and the Aberthaw Construction Co., of Bus 
ton, Mass., was the contractor. 

Acknowledgment is due to the Journal of "@ 
Association of Engineering Societies and the EF! °- 
vard Engineering Journal, both for June, 1M, 
for the bulk of the muterial in the preced '¢ 
article. 
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-THODS OF EXPANSION OF RAILWAY BRIDGES.* 


By Francis S. Rice.7 

a f expansion in railway bridges Tesolves 
rather than one of theory. On 
ther hand it is treated in the specifications on the 
of railways and generally in the practical designing 
ages almost wholly from a theoretical standpoint. 

en the necessity of making provision for expansion 
arst recognized jt was naturally treated as now by 
ding the ordinary type of one plane surface sliding 
, another. This simple design is used generally for 
gers, and for plate girders of moderate span. Most 
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4, 5. Details of Standard Seat Slab for Harvard 
Stadium. 


* the railways confine this type of expansion bearing to 
pans of not over 75 ft. 

\s spans became longer, heavier weights had to be pro- 
vided for, and the next step was the introduction of rollers 
between two planed plates. Both of these types were 
modified and improved by the addition of a tongue and 
groove, thus providing against transverse motion without 
causing friction or binding on the anchor bolts. 

The roller type was provided with side bars acting as 
spacers, and later much ingenuity has been shown in the 
endeavor to make them proof against the admission of 
snow, dirt and water. When much heavier spans were de- 
signed, it was considered necessary to have larger rollers, 
and there was objection to their weight and size. This 
objection was met by the design of the segmental form 
of roller, which was first used by German engineers so 
tar as we have records, 

This covers nearly the whole practice of ordinary expan- 
sion bearings in railway bridges. These types are often 
modified more or less. For instance, some of the later 
railroad specifications require that dust guards shall be 
placed on the four sides of roller bearings, and shall be 
held in place with tap bolts so that they can be removed 
and the rollers cleaned and oiled. 

The best known determination of the coefficient of ex- 
pansion in steel for one degree of Fahrenheit, expressed in 
terms of the length, is that ascertained by the United 
States Government through a series of careful experi- 
ments at Watertown Arsenal about 1887. Expressed deci- 
mally it is 0.000,006,466 or 1 -~- 154,656, for a variation 
in temperature of 150° F., this amounts to 1% ins. in 


= 
2 


Section AB. Section EF Section C-D. 


--44--4----- 


News. 


Fig. 6. Details of Outside Wall Piers and Girders 
for Harvard Stadium. 


100 ft. Railway specifications generally call for provision 
for expansion of 1 in. in 100 ft., which is very nearly this 
amount. Taking the modulus of elasticity of steel at 29,- 
000,000 Ibs., which is the commonly accepted coefficient, 
and calculating the amount of actual distortion in the 
steel occasioned by this 150° of temperature variation, 
we find that the amount of stress in steel, required to 
produce an equal distortion, would be 28,130 Ibs. per 
a. in. Stated in a different way, the amount of elongation 

*A paper read 

Department, 


‘Engineer, Rail 
Mig. Pittsburg. 
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or contraction occasioned in the lower chord or any other 
member of a steel structure through a variation of 150 
degrees F. is the same as that occasioned in the same 
member by a strain of 28,130 Ibs. per sq. in., and this is 
very near the elastic limit of ordinary structural steel. 

Now as regards certain factors of friction. Roller 
friction is a very uncertain quantity, and depends so 
entirely on the finish of the surface of both the beds and 
the rollers themselves that it is difficult to give any aver- 
age statement for it. A fair average coefficient would be 
0.002 of the weight, which is the stress required to 
move a body under ordinary rolling friction with such 
conditions as originally exist in a roller shoe. The sliding 
friction such as would be occasioned in the first type of 
shoe, ranges from .07 to 0.11* of the weight for the start, 
and after the start is made it comes down to as low as 
0.004. In other words this sliding friction after the shoe 
is started is just about twice as much as the rolling fric- 
tion, if each were in perfect condition. 

In regard to the effect of the pressure per square inch on 
sliding friction, I might say that up to a reasonable limit 
the pressure per square inch has no effect upon the per- 
centage of weight which would overcome that friction. 
This reasonable limit is about 500 to 600 Ibs. per sq. in. 
Prof. Thurston is authority for the statement that in the 
pivots of some center bearing draw bridges the amount 
of this sliding friction is as high as 9,000 Ibs. per 
sq. in. That seems to me a very high unit stress and I 
cannot think that it has been intentionaily employed in 
designing. However, the New York Central R. R. Co., in 
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i Fig. 8. Details of Mold 
Saw Mil for Seat Slabs for 
Harvard Stadium. 
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Traveling Crane 
its specifications specifies 
that bearings on phos- 
| 7 ployed at a unit stress 
used for 5 nen” of 5,000 Ibs. per sq. in. 

ENG. News. There seems to be 

Fig. 7. General Plan of some difference between 
Construction Plant the theoretical and prac- 
for Harvard Stadium. tical standpoints of this 

expansion question. 
Theoretically the best results should be obtained from 
rolling shoes. Yet I have seen numbers of good engineers, 
practical men who are acquainted with these things, give 
a smile, and sometimes a broad one, when the subject of 
rollers and roller shoes was mentioned. It seems to be a 
kind of joke among them, that these roller shoes are very 
nice to put in the drawing, but that after they have been 
in the bridge five or six months they are rusted and the 
bridge never moves. The consequences might not be 
serious in an ordinary span; but for a long span the 
effect would be worse. I have tried to approximate the 
effect by the statement that a stress of 28,130 lbs. per 
sq. in. is caused by a change of 150° Fahrenheit. That 
seems to be a point where theory and practice conflict, 
for otherwise since it is well known that the shoes of 
many bridges do not move, from the above considerations 
they should pull over their piers at least twice a year. 

Just to draw out a little discussion I may say that it 
is my opinion that we are wrong in adopting the roller 
shoe. I think we had better go back to the plane or slid- 
ing shoe. The difference in the amount of resistance or 
friction between the sliding and the roller shoe is very 
small, and is not to be compared with the benefit gained 
from the eventual maintenance of the feature of expan- 
sion in all bridges. I take that ground from the fact that 
the roller shoe, while efficient when first placed, is impos- 
sible to maintain practically. The shoe is below the 
railroad track in all cases. It is subject to the varying 
eddies and currents of wind and storm, and catches dust 
from every passing train; sand and ballast gather around 
the rollers, the accumulation draws and retains moisture, 
rust follows, and the shoe is stuck fast, and little is or 
can be done to prevent that condition. I hold that the dif- 
ficulties of preventing that condition are so serious that 
we had better go back to the old plane sliding shoe. It 
would be easy to design a plane sliding shoe for any 
span which might have a phosphor-bronze bearing for 
one of the surfaces, and which would be so tight that if 
properly lubricated it would be effectually sealed and 
could be practically maintained in a working condtion. 

DISCUSSION. 

Willis Whited.—I like Mr. Rice’s idea of flat bearings, 
but almost any kind of bronze would do as well as 
phosphor-bronze. Instead of oiling it, give both surfaces 
a coating of a mixture of plumbago and tallow with just 
enough oil added to make a paste; it will not dry, decay or 


*See editorial comment in this issue. 
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evaporate, and it reduces friction as much as can be done 
practically by any other means and requires no subse- 
quent attention. 

It is a fact that draw bridges to-day often have 5,000 to 
8,000 Ibs. pressure per sq. in. on their bearings and they 
will stand it all right if the bearing is well fitted and 
lubricated with something like plumbago that will not 
squeeze out easily. 

G. H. Danforth.—The firm I was with in 1896 put in a 
draw bridge on the New York & Long Branch R. R. It 
was a center-begring bridge having two phosphor-bronze 
disks, with a steel plate between. These disks. were 
figured for about 5,000 ibs. per sq. in., and | think got 
fully that load. On account of faulty design, it could not 
be lubricated very well, ag the oil could run out as fast 
as it was poured in. 

The bridge was put in in the spring before navigation 
opened and during the summer the railroad had trouble 
with it. In the fall I was one of two men to go down 
there and with the assistance of a section crew, jack the 
bridge up on a Sunday for an examination. The disks 
were found in good condition, in spite of the loading, and 
of the fact that the lubrication had been defective. 

T. J. Wilkerson.—I have been advised by reliable au- 
thority that on the Memphis bridge Mr. Geo. S. Morison 
used segmental rollers and placed on one set of rollers a 
vernier to enable him to ascertain the elongation produced 
by a heavy train passing over the bridge. When the load 
passed over, the vernier did not show any elongation; 
there was no doubt some elongation and it was doubtless 
taken up by the piers springing. 

Referring to Mr, Rice’s unit strains of 28,130 lbs. per 


sq. in. caused by a temperature of 150°: if we as- 
sume that the change of temperature is 100°, which is 
sufficient for most localities, we will get a unit strain of 


about 18,500 lbs, per sq. in., which added to 12,500 Ibs 
per sq. in., the unit strain usually allowed for railroad 
bridges, we get 31,000 lbs. per sq. in., which is leas than 
the elastic limit of good medium steel, hence we would 
be unable to tell if our bridge has been subjected to high- 
er unit gtrains than it was designed to carry. 

From all evidences I have been able to obtain, it appears 
that very few rollers ever move after they have been in 
place sufficiently long to rust. 

Mr. F, S. Rice.—Mr. Wilkerson’s remarks about Mr 
Morison’s bridge at Memphis calls to my mind a further 
case of Mr. Morison’s practice. Mr, Morison designed a 
bridge for the O. R. & N. R. R. over the Columbia river 
at Portiand, and it has quite a long draw span, prob- 
ably 250 ft., with several approach spans of equal length 
The foundations of the draw spans and the approach 
spans are iron tubular piers filled with concrete which are 
something like 12 ft. in diameter set on piles extending 
down into the alluvial bottom a considerable distance. 
Mr. Morison put in these spans, approaches and draw 
span without any provision for expansion whatever. Any 
serious expansion there would seriously interfere with the 
working of the draw span. I made careful inquiry of the 
bridge tender and was informed that they had never had 
any serious trouble with the draw span on that bridge, 
although any serious expansion in the structure would 
certainiy pinch the draw span and make it hard to operate. 

THE WATER SUPPLY OF AMSTERDAM, HOLLAND. 

By W. P. Mason.* 

That Amsterdam, like several other cities of 
Holland, derives its water from the “Sand-Dunes” 
is a fact pretty widely known, but it is possible 
that a knowledge of just how the supply is 
secured may not be quite so general. 

The “Dunes” are irregular round-topped sand 
hills, which have been erected by wave and wind 
action along the whole of the Netherlands coast. 
In height they at times reach 160 ft., but average 
much less, while’ the breadth of the range is very 
variable. Near the sea they are devoid of vege- 
tation, the surface of the sand being moved to a 
considerable degree by the action of the wind, 
while further inland grass appears and crops of 
various kinds are raised. 

The particular section, near Haarlem, whence 
Amsterdam draws its water, is composed of rather 
loose sand in which the “reed-grass,”’ planted in 
tufts by the city water department, keezs a very 
precarious footing. The rain falling thereupon 
each year amounts to about 28 ins. 

The natural “run-off” of the “Dunes” is nearly 
zero, and the absorption by vegetation still less; 
64% of the annual rainfall sinks into the sand. 

It is interesting to note that according to the 
opinion of some writers the water-bearing zone of 
the “Dunes” is fed in part by the condensation of 
the aqueous vapor contained in the air which cir- 
culates through the spaces between the sand- 
grains, and also in part by ground water which 
flows from the interior of the country towards the 


*Professor of Chemistry, Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. 
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sea and which rises in the sands of the “Dunes” 
partly by capillarity and partly because of the 
pressure of the specifically heavier sea water be- 
low.* 

One theory advanced to account for the ground 
water of the Netherlands coast, and of the islands 
adjacent thereto, is that such water might be con- 
sidered “fossil in character, it having saturated 
the strata previous to the sinking of that section 
of the continent. Possibly it may at that remote 
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Fig. 1. Map of Main Canals « inlet Chamber 
through the Sand Dunes for 
the Amsterdam Water Supply. 
Pur 

time have been in the state of ice, and have sunk 
as such with the sinking strata. 

According to the views of Mr. Andrimont, the 
greater part of these waters come by subterranean 
flow from the interior of the country. This propo- 


sition is combatted by Mr. Pennink, who shows by 


careful measurements that the water of the 
“Dunes” has its origin in the local rainfall.7 

Entirely in accordance with the view that local 
rainfall alone is responsible for the ‘“‘Dune” water 
‘s the fact that upon sandy islets of the sea at long 
distances from shore ordinary domestic wells fur- 
nish supplies of very acceptable character. 

The area drained by the collecting system of 
Amsterdam is about 7,500 acres and the volume of 
water secured amounts to some eight million gal- 
lons daily. Open canals, very similar to small 
railway cuts, wind between the sand hills and 
gather the ground water of the district into a col- 
lecting basin, whence it is pumped to Amsterdam, 
some 14 miles away. 

The side slopes of these collecting canals are 
144: 1, and although the cross sections are not all 
of the same dimensions, a good idea of their gen- 
eral size may be obtained from the section shown 
herewith. The depth of water carried in them is 
now about six feet. The aggregate length of the 
canals is about 16 miles. 

The general level of the local water table has 
been lowered from 12 to 15 ft. since 1853 by the 


Fig. 3. One of the Larger Collecting Canals. 


operation of the Amsterdam water system; the 
case being similar to what has been observed in 
the chalk wells of London, namely, more water 
has been removed than could be replaced by the 
annual rainfall. Now. however, the delivery is 
fixed at a figure not to exceed the rainfall, and 
consequently the level of the water table is held 
constant. 


*La Technologie Sanitaire, Dec. “15, 1904. 
+Paper by Mr. Pennink before the Royal Institute of 
Engineers, November, 1 


The “Dune” supply allows about 50 liters per 
capita per day (13.29 gallons) to the inhabitants 
of Amsterdam; an amount which is recognized as 
insufficient, and steps are being taken to increase 
the quantity. 

Considerable iron is present in the water, but it 
has given no trouble, as it quickly oxidizes to in- 
soluble oxide which is removed in the ordinary 
course of filtration. It is worthy of note that an 
attempt was made to extend the collecting system 
by means of iron pipes laid with open joints, a 
plan which is in successful operation under similar 
gathering-grounds near The Hague; but cre- 
nothrix immediately ap- 
peared and gave so much 
difficulty that the under- 
ground drains were aban- 
doned and replaced by 


beds at the local sewage works and a |):. 
been sold to another municipal sewage w, 

For the three months prior to my y; 
destructor had been run night and day. p 
to that it had been shut down between » 
and 6 a. m. On the 24-hour basis the w., 
operated in three shifts, with one top n 
stoker and one wheeler-out to each shift. 
men are paid from 6% to 54., or 13 to 10 
hour. 

The refuse which I saw on April 15, 190 
sisted almost wholly of ashes and conta: 
green stuff whatever. 


the older form of open & 

at The Hague it is not 420 542 ,6.84- 


easy to understand, the Ene. 
News. 

conditions governing the 

two collecting areas be- 

ing so similar. 

Before delivery to the consumer, the water is 
filtered through English sand-beds of the ordinary 
type. They are uncovered and have vertical walls 
of brick with asphalt bottoms. Each filter is 30 x 
59% meters in area and the underdrains are of D- 
shaped tile pipe, the lines of which are placed 5 
ft. apart. The depth of sand is 32 ins. 

Originally the works were controlled by a pri- 
vate company, but they were purchased by the 
city in 1896. 

The raw water of the “Dunes,” in the Amster- 
dam district, contains, in parts per million: 


Silica (SiO,) .. ° 7 

Albuminoid ammonia ............. -106 
Nitrogen as nitrates .............. .83 
Total solids (at 180° 344, 


BRITISH REFUSE DESTRUCTORS. 
(Editorial Observations.—Concluded from p. 408, April 20, 
1905.) 


Installations Old and New, Including the Largest De- 
structor Plant in the World. 


The notes here brought to a conclusion illustrate 
the varied character of the destructors visited. 
As previously explained, most of the plants were 
visited at random, thus including some of the 
poorest as well as the best exampics. 


REFUSE DESTRUCTOR AND ELECTRICITY 
WORKS AT ACCRINGTON. 

Accrington has a population of about 43,000 and 
an area of 3,426 acres. Mr. W. J. Newton, Assoc. 
M. Inst. C. E., is surveyor, and Mr. H. Gray, M. 
Inst. E. E., is electrical engineer to the borough. 

Six top-fed Horsfall cells, placed in a row, wers 
installed in 1900. They have a total grate area of 
180 sq. ft. and a rated daily capacity of 60 long 
tons. The amount of refuse actuaily burned, I 
was told, is from 50 to 60 long tons.a day. Back 
of the cells are 7% xX 30-ft. Lancashire boilers, 
with a heating surface of about 1,000 sq. ft. each. 
As these supply steam to an electric light and 
power plant, supplementary coal-fired grates were 
placed between the cells and the boiler$ for emer- 
gency use. The electric plant is also provided 
with an 8 x 28-ft. coal-fired boiler. All the boil- 
ers are equipped with Green’s economizers. Steam 
jet blowers are used to produce a forced draft. 
The chimney of the combined plant is over 240 ft. 
in height and is of brick. Between the econ- 
omizers and the chimney is a dust-catcher, which 
utilizes centrifugal action to deposit the dust in 
chambers. 

The destructor building is of brick. The tipping 
floor has a stone pavement supported on iron 
girders. The clinkering floor is of concrete. 

The clinkers are raked into small wheeled 
trucks, run out on a track and dumped into a 
pit, from which they are fed into a crusher. An 
elevator takes the crushed clinker to a screen 
which rejects the dust and all pieces above 2 ins. 
in size. The clinker is then used for concrete 
street foundations. Some has been used for filter 


FIG. 2. TYPICAL CROSS-SECTION OF CANAL. 


The electric equipment includes five 
with a total of 970 HP. and five dynamos \ 
combined capacity of 580 KW. Chloride bat. ies 
of 750 ampere hours’ capacity’ are also proyiicd.* 
There were only 300 electric consumers «| the 
time of my visit. The output last year was about 
280,000 Board of Trade Units. 


ia 


Mr. Gray estimates that a fifth of the sieim 
consumption is supplied by the destructor boilers. 
It has been found from tests that a uni! on 


the consumer’s meters costs about 0.44., or (8 
ct., when obtained from coal, and on figuring the 
yearly averages of cost anything under that fig- 
ure is credited to the destructor. Last year (24d. 
was so credited (which does not seem to agree 
with the foregoing statement that the destructor 
furnished one-fifth of the power required, unless 
there has been a aera recent increase in the 
load). 

Mr. Gray himself thinks, and believes al! elec- 
trical engineers agree, that it is not best to com- 


- bine refuse destructors and electricity works. He 


much prefers coal for fuel, on account of the ex- 
cessive labor cost for handling refuse. 

The actual quantity of refuse burned in Novem- 
ber, 1901, was 2,132,256 lbs. The destructor was 
shut down Sundays, so the average quantity 
burned per day was about 82,000 lbs., or about 
36.5 long tons. 

A 22-hour official test of the destructor and one 
boiler was made on April 11 and 12, 1901. A total 
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Fig. 4. New Filter Beds Under Construction at Am- 
sterdam. 


of 117,846 lbs. of unscreened mixed refuse ws 
burned. This was equivalent to 21,424 lbs. ; r 
cell per 24 hours, or 29.7 Ibs. per sq. ft. of gro ¢ 
surface per hour. A total of 135,624 Ibs. © 
water was evaporated, which was at the rate » 
1.15 lbs. of water per Ib. of refuse at actual te’ - 
*The figures in this sentence 4 and the results of te 


given below, are from Good “‘Refuse Destructors © it 
Power Production” (London, 1904). 
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ture and 1.39 Ibs. calculated from and at 212° 
The mean steam pressure was 185 Ibs. The 
_n temperatures were as follows: Main flue, 
«)° F.; behind the boiler, 500° F.; feed water, 
F. The clinkers and ashes amounted to 35.5% 
‘he weight of the refuse burned. Mr. Goodrich 
. foot note) gives the labor cost at this plant 
pout 33 cts. per long ton and the electric out- 
at 25 Board of Trade Units per long ton of 
ise burred. 
rhe total cost of the destructor, buildings and 
mney, exclusive of site, was about £8,000, or a 
e less than $40,000. 


YORK. 

I had time for only a hasty glance at one of the 

-o destructors at York and found that new elec- 

.c works are receiving all steam not needed for 
perating the destructor accescories. 

York has a population of about 78,000 and an 
rea of 3,692 acres. Mr. Alfred Creer, Assoc. M. 
inst. C. E., is city engineer. 

The plant which I saw consists of four Fryer’s 
‘op-fed cells, erected in 1898, equipped with Boul- 
nois & Brodie’s charging trucks. A fan is used 
‘o provide forced draft. The buildings were of the 
olid construction common to destructors in Great 
Britain. 

The clinker is crushed and variously used, some 
going to a mortar mill at the works. Tins have 
recently advanced in price from 3% to 5 shillings, 
or from 85 cts. to $1.22 per long ton. 


AN OLD DESTRUCTOR AT BOURNEMOUTH. 

Among the older destructors in England and 
one of the few that still rely upon natural draft, 
is the one at Bournemouth. This popular seaside 
health and pleasure resort has a population of 
about 60,000, distributed over an area of 5,850 
acres. Mr. F. W. Lacey, M. Inst. C. E., is borough 
surveyor of Bournemouth. 

The destructor now includes six top-fed cells, 
of which four were built by Manlove, Alliott & 
Fryer in 1887 and two by Goddard, Massey & 
Warner in 1891. The differences between the 
two installations are chiefly in minor details. The 
chimney is of brick and has a height of 137 ft. 

Coal has never been used to aid combustion, and 
although the destructor, like all of an early date, 
is of the low temperature type, provision was 
made at the outset for utilizing some of the other- 
wise waste heat. To that end the heat was used 
in preparing material for tar concrete sidewalks. 
The plant was given up on account of the long 
haul for both the raw and prepared material. At 
present the heat is by-passed, when desired, be- 
neath iron plates on which sand is spread to dry 
for use on rails of the municipal tramway system, 
a branch of which passes near by. 

A Jones fume cremator was in use for about 
three years, but it was expensive in operation, 
and as there were no complaints against the de- 
structor when the cremator was not used, it was 
shut down. 

As is the case at nearly every refuse destructor 
which I saw abroad, the rainp or inclined roadway 
here is of earth. The tipping space is paved with 
stone, 

All the refuse is collected by the borough. The 
collecting equipment includes two large steam 
dust vans, or motor wagons, made by the Thor- 
neycroft Steam Wagon Co., of Basingstroke. The 
vans hold four or five ordinary wagon loads. They 
are provided with steel boxes and each has a 
screw, work by a crank, for dumping. 

The refuse brought to the works is not weighed. 
It is estimated to aggregate 40 long tons a day, 
which appears to be about half the total amount 
collected by the borough. The balance is tipped. 

A recent proposal to provide a second destructor 
was thwarted, owing to the fact that adjacent 
property-owners, who had a veto power, objected 
to the site chosen. The present site is near the 
center of one side of the borough and distant from 
annexed territory on either hand. There are a 
number of small houses within 400 to 500 ft. 

Some of the clinker is used for road bottoming, 
but none is sold. The tins are dumped in deep 
fills in new roads and compressed by a steam 
road roller, 

The destructor is run night and day, except that 
the fires are banked and the dampers closed from 


Sunday morning to early on Monday morning. 
Six men are-employed, including the foreman, in 
two shifts of three each. The men are paid 29 
shillings, or $7.05, a week, and the foreman re- 
ceives 30 shillings, or $7,30, a week. This makes 
a payroll of $42.55 a week, or about 17 cts. per 
long ton for 240 tons of refuse per week. 

I visited the destructor on April 7, 1904. In the 
several loads of refuse which I saw there was 
scarcely any green stuff, and the foreman said 
that most of such as did come was from markets. 
A slight odor was noticed when I first came along- 
side the cells; evidently from the charging floor. 
The chimney gave out but little smoke. 

The foreman at the destructor has worked there 
ever since it was opened, and has been in the em- 
ploy of the municipality for 37 years. 


REFUSE DISPOSAL AT GLASGOW. 

Glasgow has five destructor instzllations with 
an aggregate of 59 cells, but not all of its refuse 
is burned. The bulk of what we should call gar- 
bage is shipped by rail to one of several farms 
owned by the city. 

The population of Glasgow is about 780,000, and 
its area is 12,688 acres. Mr. A. B. M’Donald is 
city engineer and surveyor, and Mr. D. McColl is 
superintendent of the cleansing department. 

Three of the older destructors, with a total of 
30 cells, were designed by the department. Of 
these two have chimneys 250 ft., and one has a 
chimney 300 ft. high. A plant of five Horsfall 
top-fed cells, erected in 1898, has a chimney 250 
ft. high, steam jet blowers, and a Babcock & Wil- 
cox boiler which supplies steam for the blowers 
and for works purposes. 

THE DALMARNOCK DESTRUCTOR.—This 
plant is located at the Dalmarnock sewage works. 
It was erected in 1901 and in 1903, and includes 
16 grates, provided with steam jet-blowers for 
forced drafts. The chimney is 250 ft. high. The 
cells are of the Meldrum top-fed type. Three 
Lancashire boilers supply steam for the blowers, 
for lighting the works and for breaking and 
screening clinkers. The surplus heat is delivered 
to the sewage works. 

The clinker is sold for use in making concrete. 
The solder is recovered from the tins, and the 
scrap iron, bottles and the like are sold. 

THE MARY HILL OR RUCHILL DE- 
STRUCTOR.—tThe eight Fryer’s top-fed cells ot 
this plant were installed in 1902 by Manlove, Al- 
liott & Co., of Nottingham. Two 8 x 30-ft. Lan- 
eashire boilers supply steam to drive fans for 
forced draft, a clinker crusher and screen and a 
dynamo to light the works. The chimney is 200 
ft. high. Golfers on hilly ground near by com- 
plain of the chimney, but, I was told, without 
cause. 

The rated capacity of the destructor is 80 long 
tons a day, and from 60 to 70 tons are now 
brought to it. Everything that comes is burned, 
unless it has a marketable value. I saw hundreds 
of old shoes that had been put aside for sale. 

The destructor is operated in two eleven-hour 
shifts of five men each, not including the crusher 
men. One shift extends from 6 a. m. to 5 p. m., 
and the other from 6 p. m. to 5 a. m. 

I visited this destructor on April 18, 1904. 
Nearly all the refuse which I saw was ashes. No 
odor was noticed and the chimney was giving out 
but little smoke. 

BRADFORD. 

Bradford has four destructors with an aggre- 
gate of 38 cells. Each plant has a chimney 180 ft. 
high and uses steam jet blowers to produce forced 
draft. At three of the destructors the steam 
raised is used for works purposes, only, hut from 
one of them steam is delivered to electricity 
works. 

The population of Bradford is about 280,000 on 
an area of 22,843 acres. Mr. Ernest Coll is 
cleansing superintendent. I made hurried visits 
to two of the destructors on April 21 in company 
with Mr. John Watson, Managing Director of the 
Horsfall Destructor Co., of Leeds. 

THE SUNBRIDGE ROAD DESTRUCTOR.— 
Nine old cells of another make have recently been 
rebuilt and three cells added, all of the Horsfall 
top-fed type, with storage at the rear. Each 
cell has a grate of 30 sq. ft. area. The charging 


holes are stopped by the refuse, instead of by lids, 
and the refuse is pushed onto the fires through 
these holes, instead of being hauled forward or 
pushed in from the rear through doors reached 
from the lower floor. A hood is placed above the 
clinkering doors and from this warmed air is 
drawn to be forced through the grates at the 
rear of the cells and down into the ashpits. 

The cells are placed in a single row and behind 
them are two Babcock & Wilcox marine type boil- 
ers, rated at 200 HP. each. The rated capacity 
of the destructor is ten long tons per cell per 
day or 120 tons in all, and the contract guarantee 


for rebuilding called for a yearly electrical output 


of 1,000,000 Board of Trade units. There is a 
Green’s economizer and electric storage batteries 
will be added. 

The destructor building and the chimney are of 
brick, and the ramp, tipping and clinkering floors 
and clinker yard are paved with stone. A dust 
catcher, based on centrifugal action, is provided. 

The clinker is raked into buckets working on 
overhead trolleys, one to each cell. There are two 
mortar mills for utilizing the clinker and a dy- 
namo for lighting the works.* 

When I visited the destructor scarcely any green 
stuff was visible in the refuse, and but little smoke 
was seen at the chimney top. 

The standard wage for laborers at all the Brad- 
ford destructors, Mr. Watson said, is five shillings, 
or $1.22, per eight-hour shift, during which each 
man handles an average of seven long tons of 
refuse; that is, one charger handles 14 tons and 
one stoker clinkers the same amount. 

SOUTHFIELD LANE DESTRUCTOR.—There 
are six cells here, similiar to those just 
described. There is also one 8 x 30-ft. Lancashire 
boiler, two clinker crushers, an elevator, a rotary 
screen and a mortar mill. The crusher is simply 
two fluted chilled iron or steel rolls. 

The ramp is stone-paved, with iron wheel 
tracks. There are a mess-room and a bath-room 
for the workmen. 

TESTS OF THE HAMMERTON ST. DE- 
STRUCTOR.}—The first destructor at Bradford 
was erected at Hammerton St. in 1880 and 1882. 
About 1890 forced draft was added, and in 1897 
the twelve cells were rebuilt by the Horsfall Com- 
pany. The plant is equipped with two 8 x 11-ft. 
multitubular boilers which supply steam for jet 
blowers, a flag- or slab-making plant and other 
works purposes. 

A test extending over 278 hours was made June 
24 to July 7, 1900, during which 2,896,320 Ibs., or 
1,293 long tons of mixed refuse were burned. This 
was at the rate of 9.3 long tons per cell per 24 
hours or 34 Ibs. per sq. ft. of grate surface. A 
total of 2,153,000 Ibs. of water was evaporated, or 
0.743 Ibs. actual and 0.882 Ibs. from and at 212° F. 
per lb. of refuse. The temperatures were as fol- 
lows: Gases in main flue, 1,800° F.; gases at 
chimney base, 1,000° F.; feet water, 60° F. For 
each ton of refuse burned there were 83.2 I.H.P. 
The residuals amounted to 379.65 long tons, or 
29.36% of the original refuse, divided as follows: 
Clinker, 364.96 tons; fine ash, 12.02 tons; fine dust, 
2.67 long tons. ‘ 

The average weights per cubic foot of different 
classes of refuse consumed during the test were 
as follows: Ashpit, 42.2 lbs.; market, 22.6 Ibs.; 
light refuse, 19.2 Ibs. ; 

The labor charges during the test were: 6 
chargers at 25 shillings or $6.05 a week and 12 
stokers at 28 shillings or $6.80 a week, making an 
average of 94., or about 18 cts., per long ton. 


THE LARGEST REFUSE DESTRUCTOR IN 
THE WORLD: HAMBURG, GERMANY. 

The lagest refuse destructor in the world, if I 
mistake not, is located at Hamburg, Germany. 
Other cities have a greater aggregate of cells, but 
not under one roof. The Hamburg destructor, 
however, serves only a portion of the city. The 
refuse from other sections is used for agricultural 
purposes or is tipped, as was all the refuse of the 


*In the ‘‘Public Health Engineer’ (London) for August 
20, 1904, it was stated that a rental of £120, or $583, a 
year was derived from power supplied from this de- 
structor to run a weaving shed; also that the municipal 
corporation has decided to fully utilize the heat from this 
destructor by supplying steam to a new electric station, 
not far distant, for lighting and street car purposes. 
+Prepared from figures given in Goodrich’s ‘Refuse 
Destructors and Power Production"’ (London, 1904). 
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city before the destructor was installed. I am 
indebted to Mr. Rud. Schroder, Chief Inspector of 
the pumping and filtration division of the Ham- 
burg water-works, for taking me to the destructor, 
introducing me to Mr. Otto Uhde, Chief Engineer 
and Manager of the plant, and serving as an in- 
terpreter. 

The destructor was built in 1895 and put in 
operation in January, 1896. Until January, 1901, 
it consumed the refuse from a population of about 
300,000, and since that time the tributary district 
has been increased to include a population of 
420,000, or perhaps a half of the whole city. 

The plant comprises 36 top-fed Horsfall cells, 
in units of six cells, placed back to back. Origin- 
ally the forced draft was provided by means of 
steam jets, but soon after the plant was accepted 
the city substituted fan blowers. The contract 
guarantee was for 5 long tons of refuse per cell, 
but on changing the nature of the forced draft 
this quantity was exceeded and now from 7 to 10 
long tons per cell are burned. Doubtless other 
factors, such as extra labor per unit for stoking, 
have contributed to the increase. The chimney 
is of brick, approximately 8 ft. in internal di- 
ameter at the base and 160 ft. high. 

I saw monthly diagrams showing the operations 
of the destructor for years. Less refuse per cell 
is burned in winter than in summer. Last sum- 
mer the maximum rate was 10 long tons per cell, 
as compared with 8 and even 7 tons in winter. 
Mr. Uhde stated that this difference was due to 
the fact that the greater proportion of waste coal 
in the winter refuse seemed to result in a coking 
process. The summer temperatures in the de- 
structor are also higher than those obtained in 
the winter. Among the many refuse destructors 
and garbage furnaces which I have visited in Eu- 
rope and America this is the only one at which 1 
ever saw a pyrometer. 

No coal is used to assist combustion. The coal 
used throughout the city, I was told, gives a resi- 
due more favorable to refuse destructors than that 
burned in Berlin, where brown coal is used and 
the cinders have little fuel value. This statement 
is of interest in view of the alleged failure of some 
experimental destructor cells tested at Berlin a 
few years ago. The refuse which I saw at Ham- 
burg on May 13, 1904, was largely composed of 
ashes, with some paper and old tins, but scarcely 
any green stuff. 

Refuse is collected at night in wagons having 
removable boxes of 4 cu. m. or 5.2 cu. yd. ca- 
pacity. There are four reversed hooks on each 
box, to which four chains, hanging from an elec- 
tric overhead traveling crane, are attached. The 
boxes are then lifted, moved laterally, and tipped 
onto a storage platform adjacent to the charging 
holes. There is one feed hole to each pair of cells. 
The tins are not picked out of the refuse, 

The cells, or most of them, are equipped with 
hand-worked movable grate bars. The sides of 
each cell, for about 8 ins. above the grates, are 
cooled by means of water. 

Four multitubular boilers are provided for rais- 
ing steam from the gases of combustion. Each 
boiler has a heating surface of 200 sq. meters or 
2,152 sq. ft., and in case of emergency each can 
be fired with coal. Engines of 260 HP., effective, 
drive a dynamo which furnishes the power re- 
quired at the plant and supplies current for stor- 
age batteries on a steam launch and for operating 
four 40-E. HP, sewage pumps at a station four 
miles distant. Another electric pumping station 
is proposed. The electric launch is used to collect 
refuse and night-coil from all the boats that come 
into the harbor. The night-soil is emptied into 
the sewers and the refuse is brought to the de- 
structor and burned. 

Clinkers are removed at intervals of 1% hours, 
and are said to equal 50% of the original refuse. 
The clinkers are raked into small cars, run into a 
tower in the yard and quenched by means of 
water jets. An attempt to remove the iron from 
the clinker by means of a magnet proved unsuc- 
cessful and the iron is now picked out by hand. 
The clinker is crushed, after which it is screened 
to three sizes. Some of the larger material is 
used for pavement foundations, for concrete, for 
filter beds at sewage works elsewhere and for 
sidewalk slabs or flags. The fine stuff is used to 
fill in beneath floors. The dust from the screen is 


exhausted through a pipe to a chamber where it is 
deposited by means of falling water. 

Except on two holidays the plant, from year end 
to year end, is never completely shut down. Some 
cells are closed on Sundays, but enough are kept 
going to supply power to the sewage pumping 
station. 

The men work in eight-hour shifts and for each 
shift there is one charger to each six cells and 
one stoker to each three cells, making 6 chargers 
per shift or 18 per 24 hours, and 12 stokers per 
shift or 36 per 24 hours. The chargers are paid 
3.9 marks, or 97.5 cts., and the stokers 4.1 marks, 
or $1.025, per shift. This is approximately $1 a 
day for 44 men. Assuming an average of 8 long 
tons per cell per day gives a total of 288 long 
tons burned at a cost of $44, or 15 cts., per long 
ton for charging and stoking. 

I was told that a cell equipped for experimental 
purposes with a Root blower and fixed grate bars, 
and stoked every % instead of 114 hours, had 
burned as high as 27 long tons a day. 

A mess-room and shower baths are provided 
for the workmen, and once in about two weeks the 
workmen’s clothes are sent to the municipal disin- 
fecting station. 

The chimney is of brick, about 8 ft. in diameter 
at the base and 160 ft. high. At the time of my 
visit it was giving out only a light, vapory smoke. 


THE NEW REFUSE DESTRUCTOR AT ZU- 
RICH, SWITZERLAND. 

One of the most recent destructor installations 
in Europe and one of the comparatively few on the 
Continent was opened at Zurich early in 1904. 
Through the kindness of Professor Carl Hilgard, 
M. Am. Soc. C. E., of the Zurich Polytechnic 
School, I was introduced to Herr Gluck, the head 
of the health department of Zurich, and to Herr 
Mettler, the inspector of public health. The four 
named visited the destructor on May 7, and as 
nearly all the fires were out, we improved the op- 
portunity to inspect the main flue, which is here 
placed between the double row of cells. 

Zurich has a population of about 160,000. Ow- 
ing to the high cost of coal, the chief fuels used 
are wood and gas. Most of the garbage is 
collected by farmers and others and fed to hogs. 
As a result of these local conditions, the refuse at 
Zurich is quite unlike that found in Great Britain. 
The total amount collected by the city is now 
about 500 tons a week, all of which, including tin 
cans, is passed through the destructor. Some 
street sweepings are included in the above total. 

The twelve cells are of the Horsfall top-fed type 
and have a grate area of 30 sq. ft. Forced draft 
is supplied by a fan with a capacity of 7% cu. ft. 
per sec., driven by a 15-HP. electric motor. The 
chimney is of brick, 64% ft. in diameter at the base 
and nearly 200 ft. high. 

Two Babcock & Wilcox boilers, with a pro- 
vision for independent coal-firing, supply steam 
to a 220-HP. steam turbine. The later drives a 
dynamo which operates a traveling crane and the 
fan already mentioned, besides supplying current 
to light the destructor. Any surplus heat, I was 
told, will be delivered to the municipal electric 
light and power plant. The boilers are fed with 
condensation water. 

The refuse wagons arrive at the destructor on 
the ground level and as old wagons were still in 
use, the whole of each wagon, instead of the box 
only, was hoisted by the overhead traveling crane 
and emptied as best it can be on top of the de- 
structors. 

The clinkers are raked into small wheeled trucks 
and run outside on rails. 

The destructor is operated continuously from 5 
a. m. Monday to 10 p. m. Saturday. Chargers 
and stokers alike are paid only 4% francs, or 90 
cts., for an eight-hour day. Their wage should be 
increased, I was told, to 6 francs a day, since the 
cost of living in Zurich is high. This is particu- 
larly true of rents, three rooms and a kitchen 
costing 450 to 500 francs a year. 

A handsome five-story brick apartment house 
has been erected by the city, close by the de- 
structor. It contains seven sets of family apart- 
ments, besides rooms for single men and an of- 
fice. It will be heated by steam from the de- 
structor. The apartments and single rooms wili 
be rented to the men employed at the destructor. 


NOTES ON CONCRETE BLOCK MANUFACTUR: 


Barly last spring a practical builder in New y.-, 
conceived the idea of making a hollow block ma 
wood and, I must say, built one of the best hon 
machines I have ever seen, and I have seen ma: 
first few hundred blocks passed muster, but the » 
warped and zinc lining was resorted to, but the 
of those sheets soon made its appearance upon th- 
block and iron castings was the next step taken. 
mechanical engineering, much difficulty was ex; 
in getting a machine that would make a mech 
true block, and as a last resort he purchased a ». 
made and put on the market by a concern tha: 
such machinery their business, and now, in sumn 
the season’s work, thig builder finds that he wou 
saved over $400 in labor and material had he pur: 
tried machine. 

Blocks made on a home-made machine have 
space, hence more material is required and therefo; 
cost; besides, no home-made machine will admit 
heavy tamping so essential to well made blocks, th 
a home-made machine block ig not as strong as 4 
made on a shop machine. I recently visited a plant 
the owner still contends that a home-made machine 
as good as any, and of about 600 blocks I saw 
yard, over 500 were swelled on the sides, whic: 
caused by the springing of the mold while tampin: 

The use of lime, hydrated lime and limoid has 
fully tried the past season and I fail to find one firm 
has profited by it. Blocks made with lime compositiv 
more solid in two to twelve weeks than a cement | 
but at six months it is spongy and will e6oak more » 
than a block made of cement composition. Let ever; 
low block maker realize that the life of lime is liv :.4 
to from seven to sixteen years, and that it is only a ; 
ter of time until any block containing lime will crum 

The chief fault I find with the form of blocks now m 
is that the openings are in many instances too large ani 
at the same time not sufficient area of the blocks are 
taken up with air spaces, viz.: My ideal block is one of 
many small air spaces, at the same time having less 1. 
terial in it than the average hollow block of to-day, si 
I might add many small binders and spaces mak: e 
best hollow block. 

Many hollow block makers have gone into the cement 
brick business and in the next year or two we wil! sx 
much of this industry's experimental stage. The object 
to be attained is the production of a brick at less cost 
than our red brick and at present too much cement is re 
quired to make them waterproof to bring their cost below 
the red brick figure. 

Hollow concrete block construction must sooner or later 
be governed by some form of specifications that wil! in- 
sure sound buildings and not be a hindrance to the builder 
and a detriment to the trade generally, as is now the case 
with several building codes that are more theoretical than 
practical. 

Some codes require blocks so constructed that the open 
ings do not exceed one-third of the area of the wall. Thi: 
is a gross injustice to concrete, and concrete block mea 
should look into this at once in their respective cities, as 
it has been fully proven that a concrete wall having about 
40% of the area hollow makes the best walls, being more 
damp proof than with less open space. 

The height of blocks is also often specified, while there 
is little or no difference in the strength of a wal! built 
of blocks 4 ins. high than that of a wall of blocks 14 ins 
high. 

Length of blocks and length of openings have much to 
do with the strength of the wall and must be limited, the 
withes (binders) must also be governed as to éize and 
shape. The thickness must be in harmony with the 
height of the wall, and if this is not properly proportioned 
damaging results may follow. Some codes compare cou- 
crete with brick in proportioning walls, and this is an 
injuetice to concrete, as it excels brick in both tensile 
and crushing strength. The following outline for 2 
specification for a building code will, I believe, give un!- 
versal satisfaction, and sufficient buildings have been 
erected along those lines to warrant its enactment: 


GENERAL CONCRETE SPECIFICATIONS FOR HOL 
LOW WALLS. 


All concrete used in constructing hollow walls, either 


with hollow blocks or monolithic, must be made of su'- 


ficiently sound material and of such proportions to insure 


a tensile strength of 240 Ibs. to the square inch and « 
crushing strength of 1,000 Ibs., said test to be made whe" 
concrete is 28 days old. 

Openings within said walls not to exceed 48% of th: 
area of wall, unless same be reinforced with an approve: 
system of steel, in which case said openings shall n' 
exceed 60% of said area. ; 

All binders ine must not be less than 20% and ne 


more than 45% in volume of hollow spaces. Hollo. 
spaces shall not exceed in length the extreme thickne-~ 
the wal 


1. 

No block shall be longer fhan four times the thickne 
of the wall, and blocke of less length than the thickne- 
of the wall must not exceed 4% of the blocks necessary ' 
construct entire wall. 

Many builders wonder why architecte generally do 0) 
take readily to hollow block construction. The idea th 
architects are opposed to concrete is wrong, but th: 

*Extracts from a series of articles by Fred. W. Ha: 


lock in ‘‘The National Builder” for January, Februa: 
and March. 
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5 for avoiding its use in building construction can 
ved down in one sentence, viz.: The hollow concrete 
makers in America who produce an artistic block 
an be adapted to harmonize with an architect's de- 
are few and far between. 
classical architecture Germany has many fine ex- 
s of artificial stone, and one of the main causes 
we have not the same is that our hollow block 
3 have been carried away with the rock face fad, 
_ in spite of all efforts in that direction, is to-day but 
+ imitation of the cheapest possible face that can 
ven to natural stone—a face which excels only as a 
atcher and absorber of water, as it remains an un- 
ted fact that a well-made artificial stone hag that 
a appearance which kills the naturalness of rock 
work. 
iy nine-tenths of the concrete block buildings I have 
have been made in imitation of rock face, a finish 


-draulic mining. 


properties is estimated at about $45,000,000. 
While there is usually plenty of water for flota- 
tion in these gravels, there are large areas of 
similar land underlaid by gold-bearing gravel 
where sufficient water to float a dredge is not 
available, but no satisfactory means of working 
these deposits has yet been devised.’ In the 
operation of the gold dredges, large tracts of rich 
fertile lands and fruit orchards have been con- 
verted into a desert of rough piles of gravel, and 
this action had led to an agitation somewhat sim- 
ilar to that which was aroused in the same State 
years ago by the disastrous results of discharging 
into the rivers and streams the refuse from hy- 
No definite opposition to the 


dredging work has yet been made, but it has been 


adopted abroad, and in discussing this matter in 
our issue of March 10, 1914, we pointed out that 
experience has proved the ladder dredge to be 
the best type for this particular class of work. 
It causes comparatively little disturbance of the 
gravel bed, and the material in the buckets can- 
not escape, while the water brought up in the 
buckets assists in the washing of the material. 
The practical demonstration of the advantages 
of the ladder dredge have led to its general adop- 
tion, with the introduction of various improve- 
ments to adapt it for this special work. The ma- 
chines carry the apparatus for recovering the 
gold, and while the dredging buckets bring up the 


’ gold-bearing gravel at one side of the machine, 5 


conveyor discharges the waste or tailings at the 


which I have opposed for the past three years, in spite of 


the fact that it has been continually becoming more pop- - 


ular, which I attribute to no other reason than that many 
have entered the field who know absolutely nothing about 
architecture. The concrete block problem does not, in my 
opinion, require a superior knowledge of engineering or 
architecture, but does require both skill and taste, which 
are two features that are badly lacking with the trade gen- 
erally, and nearly all the failure in the industry of the 
past year can truthfully be laid to these deficiencies. 


DREDGES FOR WORKING GOLD-BEARING GRAVELS. 


One of the remarkable developments in the pro- 
duction of gold within recent years, is the success- 
ful recovery of fine gold from gravel deposits and 
the introduction of special machinery for the ef- 
ficient and economical performance of the work. 
Gold dredging was first practised in New Zealand, 
but is now in use in this country on a large scale, 
not only in the dredging of river beds, but also in 
what may be called land gravel. In this latter 
case the machine works practically in a pond or 
pool of water, excavating on one side and filling 
in on the other, so that thé pool moves with’ the 
dredge. This method of working is now in use-in 
several States, and especially on very, Jarge areas 
of gold-bearing gravel deposits in Californja,- as 
described in our issues of July 16 @nd 30, “1903. 
In the Oroville district alone, about 6,000 acres of 
dredging lands are being developed, and 29 
dredges are at work. The value of these Oroville 


suggested that the “slimes’’ or fine waste mate- 
rial now discharged as thin mud into the water, 
should be pumped up and discharged on top of the 
bank of waste gravel, so 2s to partially fill the 
interstices. The value of gold product in the Calli- 
fornia gravels ranges from 10 cts. to 40 cts. per 
cu. yd.; the latter is very high for a large tract, 
and 25 cts. per yd, is a very remunerative amount. 
The cost of operating the dredges is said to be 
from 5 cts. per cu. yd. handled in the larger ma- 
chines of about 70,000 yds. monthly capacity, to 
6 or 6% cts. per cu. yd, in machines of about 
40,000 yds. capacity. 

In the early experimental stages of the work in 
this country some dipper dredges were employed, 
but the violent disturbance of the gravel and the 
water caused the fine but heavy gold to settle 
deeper into the ground, while a large proportion of 
that taken up with the gravel flowed away with 
the water escaping between the side and bottom 
of the dipper. The intermittent supply of mate- 
rial also necessitated the use of a hopper or bin 
to ensure a steady supply to the gold-saving 
tables, In hydraulic dredging, the force of suc- 
tion immediately at the mouth of the pipe is 
sufficient to carry the gold, but at a little distance 
from the pipe this force diminishes, so that only 
the sand and gravel are drawn in, while the gold 
drops to the bottom by its greater weight. In 
New Zealand, the ladder dredge was used from 
the first, as this type of dredge is generally 
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FIG. 1. SECTIONAL ELEVATION OF GOLD 
DREDGE. 
The Bucyrus Co., South Milwaukee, Wis.; Builders. 


other side. Steam power is used in some cases, 
but by far the greater number of machines in 
California are operated by electricity, the current 
being transmitted from a power station to several 
dredges. In this way the cost of operation is 
greatly reduced. Fig. 1 is a sectional elevation o1 
a typical gold dredge, and Fig. 2 is a view of 
dredge No. 2 of the Boston & California Dredging 
Co., at Oroville, Cal. Fig. 3 is an interior view 
showing the gold-saving tables, behind and be- 
yond which may be seen the shaking screens. 
These machines were built by the Bucyrus Co., of 
Sovth Milwaukee, Wis., which has made a spe- 
cialty of dredges for gold placer dredging, and to 
which we are indebted for plans and information. 

The dredges have wooden hulls, built on the 
work, and the head frame from which the lower 
end of the ladder frame is suspended is usually of 
wood, although some large dredges have the head 
frame built up of structural steel. The buckets 
are of steel, with heavy lips or cutting edges of 
manganese steel. They are close-connected, each 
link of the ladder chain carrying a _ bucket. 
Where many boulders are liable to be encount- 
ered, however, intermediate links are used, so as 
to allow room for these boulders between the 
buckets. The buckets are of 3 to 7% cu. ft. ca- 
pacity, and travel normally at a speed of about 5° 
ft. per minute; this may be increased in very 
light work, or reduced to 30 or 40 ft. in hard 
ground. Ir some dredges the gravel is passed 
through a rotary screen, into which streams of 
water are delivered, and the fine material con- 
taining the gold is passed through a long Inclined 
sluice box having riffies for collecting the gold. 
This arrangement was shown in our issue of July 
16, 1903. A more efficient method, especially when 
the gold is very fine, is to use shaking screens of 
rectangular form. From the ends of these screefis 
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FIG. 2. GOLD DREDGE OF THE BOSTON & CALIFORNIA DREDGING CO., OROVILLE, CAL. 
The Bucyrus Co., South Milwaukee, Wis.; Builders. 


the coarse gravel passes to the tailings elevator. 
The fine material and the gold pass through the 
screens into a distributor which distributes the 
material uniformly over the gold-saving tables, 
which are fitted with riffles or other devices ac- 
cording to the character of the gold. The waste 
from the tables is delivered into sluice boxes, 
which are also fitted with riffles and extend be- 
yond the hull, delivering the waste “slimes” into 
the water. When there is a large amount of sand 
and dirt a centrifugal pump is sometimes em- 
ployed to handle this waste and deliver it on top 
of the pile of gravel tailings. When very coarse 
material is to be dredged, the material is some- 
times delivered first to a rotary screen and then 
to the shaking screens. The waste gravel from 
the screens is delivered upon an inclined belt 
conveyor carried by a long frame projecting from 
the stern of the dredge and supported by cables 
from a gallows frame. A steel spud at the stern 
holds the dredge in position, and the bow is swung 
laterally along the face of the work by means of 
bow lines operated by winches. 

The dredge “Yuba No. 2,” working in the Yuba 
district, is a good example of these machines. Its 
hull is of timber, 115 x 36 ft., with a draft of 5 
ft. The ladder chain carries 88 buckets of 6 cu. 
ft. capacity, and will dredge to a depth of 60 ft. 
below the water line, while the top tumbler is 24 
ft. above the water line. This machine excavates 
a maximum of 4,200 cu. yds. of gravel per day of 
24 hours, or from 95,000 to 105,000 cu. yds. per 
month. The tailings conveyer is 116 ft. long. 
The motor equipment is as follows: 125 HP. motor 
for driving the ladder chain, 50 HP. for pumps and 
sand pump (elevating fine tailings), three of 20 
HP. each for the screens, tailings conveyor and 
winch, and one of 7% HP. for the priming pumps. 
Alternating current of 440 volts is employed. The 
shaking screens are 7 ft. and 7 ft. 9 ins. wide, 16 
ft. long. The gold tables have an area of about 
S00 sq. ft., and quicksilver is used to collect the 
gold. There are two spuds at the stern: a 
wooden spud for stepping up, ard a steel spud to 
hold the dredge when working. 

From Mr. W. P. Hammon, General Manager of 
the Boston & California Dredging Co. and the 
Boston & Oroville Mining Co., we have some fur- 
ther details of work in the Oroville district. An 
elevator or ladder dredge with close-connected 
buckets of 5 cu. ft. capacity running at a speed ot 
18 buckets dumped per minute, should handle (in 
ordinary excavation) an average of 2,000 cu. yds. 
per day of 20 hours actual running time. This 
running time is considered a good average, taking 
into account the shut-downs from ail causes. Nine 
men are considered a full crew, working in three 
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eight-hour shifts of three men each. With a 
modern dredge, a charge of 5 cts. per cu. yd. 
should cover the full cost of the gravel excavated, 
washed and stacked. It is difficult to give an aver- 
age value of the gold recovered per cu. yd., owing 
to the varying conditions of the gravel and the 
gold deposit. In some sections of this district the 
ground averages 20 cts. per cu. yd., while in other 
sections it averages 15 cts. There are 29 dredges 
now working in this district all operated by elec- 
tricity. The current is obtained from the Valley 
Counties Power Co., which has several generating 
stations located on the mountain -streams in that 
section of the country. The current is delivered to 
the machine at 4,000 volts, and transformed to 440 
volts for the motors. As to the supply of water, 
it is necessary in many cases of operating these 
inland dredges to have a steady supply of 50 
miners’ inches of fresh water entering the pits in 
which the dredges work. 


- trolled by a Westinghouse R7 controller place! 


A MOVING PLATFORM ELEVATOR FOR TEAMS 47 
CLEVELAND, OHIO. 


The use of inclined moving platforms, or “es, 
lators,” for carrying passengers from floor to f\ 
of buildings has become quite common in citi. 
and similar arrangements have often been g),. 
gested for handling wagon traffic on steep stree 
So far as we know, however, the only escala; 
for street traffic that has ever been construc: 
has just been put in operation at Cleveland, «) 
This device is known as the Snead Rolling ku 
and is in operation on Factory St., where it o\. 
comes a rise of about 65 ft. in a length of 42) 
In the accompanying views, Fig. 1 shows the «. 
pleted road in operation, and Figs. 2, 3 and 4 x) 
portions of the partly completed structure and 
in explaining its construction. 


Briefly described, the “rolling road” consis: 
an endless belt traveling around two sets 
sheaves, one at the top and one at the botto), 
the hill, and supported between sheaves }\ 
upper and lower truck. The belt is compos: 
planks laid transversely of the road and fast. 
together in “trucks” of two planks each by 
plates, so connected as to form flexible chains 
is given motion by driving sheaves at the to) 
the bottom of the hill, which are operated 
electric motors. One of these driving she 
is shown by the view Fig. 2, which also show 
portion of the top roller truck on which the |, 
rides. This top roller truck is carried by ste! 
beams which span the pit in which the belt o;: 
ates, as shown by Fig. 3. Fig. 4 shows a port 
of the lower roller truck on which the belt ; 
turns; this truck is carried by concrete buttres- 
built into the side walls of the pit. A station; 
platform projecting over the pit and belt at e:. 
end permits of driving wagons onto and off :! 
moving platform or belt. 

Details of the construction of the moving pli‘ 
form are withheld by the inventor, but the abov» 
description gives a general idea of their character. 
The platform weighs about 106 tons and is ope: 
ated by four 25-HP. Westinghouse motors cw: 


i 


in an operator’s house at the top of the hill. In 
operation the platform is stopped and the tear 
driven onto it at the lower end; the platform is 
then started and the team is conveyed to the tuo) 
of the hill when the platform is again stopped t. 
permit the team to be driven off. It is possible 
of course, by stopping and advancing the platform 
as often as teams approach the lower end to con- 
vey a procession of teams at the same time, as is 


FIG. 3. INTERIOR VIEW OF GOLD DREDGE, SHOWING THE SHAKING SCREENS AND 
GOLD-SAVING TABLES. 4 
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FIG. 1. MOVING PLATFORM ELEVATOR FOR 


indicated by the view, Fig. 1. The roadway is 
calculated to carry a load of 100 tons and to oper- 
ate at a maximum speed of 3 miles per hour. At 
this speed the belt makes a half revolution in 2 
minutes and 10 seconds, and when only two stops 
are made a team can be taken from the top to the 
bottom of the hill in 4 minutes. 

The Factory St. rolling road was built by the 
Cleveland Rolling Road Co., after designs by Mr. 
Isaac D. Snead, Civil Engineer, of Cincinnati, 
Ohio. The company charges tolls ranging from 
50 cts. for a heavily loaded four-horse team to 15 
cts. for a single horse, wagon and driver. Pedes- 
trians and passengers other than the drivers are 
charged a toll of 2 cts. The road has been in 
operation since January of this year. It cost 
about $100,000 to build. ; 


METHODS AND COST OF CREOSOTING TIMBER.* 
By Oswald T. Dunn, C. FE. 
Creosoting as a preservative against decay is almost 


3 ae from an article in “The Polytechnic,” ‘March 
ol, 


TEAMS ON FACTORY ST., CLEVELAND, OHIO. 


method which protects those parts injected with it ab- 
solutely. 

The creosote (dead oil of coal tar) used in this process 
consists of that portion of coal tar which distills between 
200° and 300° C; together with the residual oils from 
the manufacture of crude carbolic acid, naphthalene and 
anthracene. It is greenish yellow. The smell is un- 
pleasant and highly characteristic. It is heavier than 
water, its specific gravity being as high as 1.10. 

At present it is believed that the preservative action of 
the creosote oils is due more to the bases, or alkaloids, 
than to the tar-acids, as the former remain after the lat- 
ter have disappeared. 


The cylinders of to-day are made of % or %-in. iron and 
vary from 6 ft. in diameter and 100 ft. long, to 9% ft. in 
diameter and 150 ft. long. They are provided at one 
or both ends with doors having a gasket to make a tight 
joint, and meang of fastening to the end of the cylinder 
to prevent the breaking of the joint under the internal 
pressure. The cylinders are fastened at the middle to 
prevent any displacement and permit movement towards 
the ends, due to large changes in temperature. 

The timber is drawn into the cylinders on narrow gage 
tram-cars which provide for the handling in and out of 
the cylinders quickly and cheaply. 

After the timber has been drawn into the cylinder, 
and the doors securely fastened, live steam is admitted 


until a pressure of from 10 to 40 Ibs, depending upon the 
size of timber, is reached and prolonged sufficiently to 
allow the heat and inward force of the steam to gradually 
raise the inside temperatyre of the timber above the living 
point of the bacteria, thus accomplishing sterilization, and 
at the same time causing the evaporation of the sap and 
moisture. During the steaming period, the cylinder ts 
frequently drained from a valve, or steam trap, at the 
lowest point, in order to keep it ag free as possible from 
sap and condensed steam. Great care ig taken to avoid 
overheating the timber, it being now determined that 
temperature over 300° F. has a very damaging effect 
upon the strength of timber; which is due to resinous sub 
stances evaporating at about 306° F., thus destroying the 
structure of the wood. Wood dried at 300° F. is composed 
of over 99% of organic and les» than 1% inorganic matter, 
and at this temperature wood gives off only water, though 
some of the slight chemical changes are noticeable, and if 
the heat is increased, gases of pungent odor and taste are 
evolved. Thus the vulcanizing process is ciaimed to 
effect a chemical change in the constituents of the sap 
itself, being practically a seasoning process 

The steaming is regulated, generally, according to the 
following schedule: For material with a minimum dimen- 
sion of from 1 to 4 ins., 30 lbs. For material with a 
minimum dimension of from 5 to 8 ine., 35 Ibs. For ma- 
terial above 8 ins., 40 lbs. For piles not less than 7 ins 
in diameter at the small end, 40 Ibs, 

At the end of the steaming period a vacuum is created 
in the cylinder, and the temperature maintained by means 
of steam passing through heating coils, all the time 
above the boiling point corresponding to the existing 
vacuum. After steaming for a epecified lengtii of time, 
the timber is saturated, to some degree, with water 
which is highly charged with sap and other elements 
dissolved out of the wood, and it is desirable to withdraw 
this water and also the air in the wood cells, to make 
room for the preservation solution. If the temperature in 
the cylinder is maintained above the vaporizing point cor- 
responding to the degree of the vacuum, the water will 
leave the timber and pase over to the vacuum pump as 
vapor, and will not depend simply upon the expansion of 
the air behind it to force it out. 

After the sterilizing and drying of the timber, the solu- 
tion is admitted, flowing through a 12-in. pipe from ele- 
vated tanks of several thousand gallons capacity. 

The oil enters the cylinder in the usual fluid state at 
not less than 120° F., and should be raised to not less 
than 180° F. by meane of the heating coils in the cylin- 
der. When the cylinder is filled with the liquid, force 
pumps are employed to force the solution into the cells 
of the wood under a pressure of 100 to 150 lbs.; and the 
pressure is kept up till the system of measurements show 
that the required amount of oil has been absorbed by the 
timber. The pressure ie then taken off and the timber re- 
moved from the cylinder. 

The general method of filling the cylinder is from the 
elevated tank and is accomplished in about seven minutes 
Some fill by means of the vacuum pump, in which case the 
solution is drawn into the cylinder by the vacuum, and 
of course, requires a longer time to fill. 

The gaging of the quantity of the solution put in a cyl- 
inder charge is done by means of a float on the inside 
of the storage tank attached to a gage graduated to feet 
and decimals of a foot. . 

The only objection againet seagoning before treatment 
is the time required, but experience has taught that in 
the long run the saving from better service far exceeds 
the cost. 


FIG. 2. VIEW SHOWING DRIVING SHEAVE AND UPPER ROLLER TRUCK FOR 
MOVING PLATFORM. 


FIG. 4. VIEW SHOWING DRIVING SHEAVE AND LOWER ° 
ROLLER TRUCK FOR MOVING PLATFORM. 
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The steaming of wood before the injection of the solu- 
tlon can never replace seasoning as a means of prepara- 
tion for treatment, for at best it just drives off part of 
the water. 

The class of timber, whether heart or sap wood, must 
also be considered. The more sap there is in timber the 
longer it will last when treated, as the sap-wood is more 
easily injected and absorbs more of the solution because 
it allows a greater water penetration than the heart wood. 

The time required to complete the different processes 
varies from 6 to 36 hours and while there is no definite 
data which will admit of a fair comparison of time re- 
quired to treat seasoned and uneeasoned timber, I give an 
example that came under my own personal notice. A 
charge of pine piles just from a river, were steamed for 
10 hours; received a vacuum of 26 ins. for 6 hours; and 
then required a pressure of 150 Ibs. continued for 4% 
hours to force 2,700 gallons of creosote into the charge. 
The second charge of pine piles had been seasoned, to my 
knowledge, one year. They were steamed for 3 hours; 
received a vacuum of 26 ins. for 1% hours, and required 
20 mins. to force 2,700 gallons, at a pressure of 100 Ibs. 
into the charge. 

The cost of treating consists of the interest on capital, 
solution, labor and fuel. 

Creosoting is the most expensive process, costing from 
$15 to $20 per M., while the burnetizing is the cheapest, 
costing from $2 to $5 per M. 


Assuming that two 6-ft. cylinders 100 ft. long are used, 


the capacity of each will be about 16,800 ft. B. M. The 
total plant required would cost, say, $80,000. If the tim- 
bers were to be creosoted and impregnated with 20 Ibs. 
per cu. ft. it would take about 36 hours for a run, and 
the capacity of the plant per annum would be 6,988,800 
ft. B. M. If the interest on capital (including repairs 
and renewale) is 10%, the interest on plant will be $8,000, 
or $1.14 per M. 

If the oil costs 8 cts. per gal., the cost per M. ts $15.33. 
The cost of labor and fuel is assumed at $3.75 per M., 
which makes a total of $20.22 per M. The cost of green 
timber, transportation and profit would be considered if 
the work were taken by contract. 

The Eastern Railway of France has obtained the best 
results of any road in Europe. They use beech timber 
for ties and inject 12 Ibs. per cu. ft. These ties have 
lasted 30 years. Experience in this country has shown 
that creosoting is the only reliable method for preserving 
timber which is exposed to salt water, and the Teredo 
worm. 

Treated with 20 lbs. per cu. ft., piles in the bridge of the 
Loulsville & Nashville Railroad over the mouths of the 
Pascagoula River have been in the structure 28 years 
and will be in use for many yeare to come. These piles 
are subject to attacks of the Teredo Navalis at a point 
where uncreosoted piles a foot and a half in diameter have 
been cut off by the Teredo in a single year. 


A DEVICE FOR COLLECTING SAMPLES OF WATER 
FROM VARIOUS DEPTHS. 


By W. L. Butcher,* Assoc. M. Am. Soc. C. E. 


Sanitary engineers, especially those engaged on 
water supply investigations, often find it desir- 
able to collect samples of water from various 
depths in ponds or reservoirs. 

The usual method of performing this operation 
is to lower a bottle enclosed in some sort of har- 
ness, and weighted so as to cause it to sink. 
After reaching the required depth, the stopper is 
removed by means of a 
cord reaching to the 
surface. This method of 
obtaining the desired 
end is at best a long and 
cumbersome process. Ex- 
treme care must be 
used to prevent the two 
cords, one holding the 
bottle, and the other at- 
tached to the stopper, 
from becoming en- 
tangled while in the case 
of large samples, the 
large weight which would 
be necessary to sink the 
bottle makes it necessary 
to collect the sample in ons 
portions. A Device for Col- 

The device shown in lecting Water from 
the accompanying sketch, Various Depths. 
although an extremely simple one, has not, so far 
as the writer is aware, been used before fdr the 
purpose mentioned. It consists simply of a stop- 
per, through which two glass tubes are passed. 
The short tube acts as an air vent, while the 


if 


*211 Lake View Ave., Cambridge, Mase. 


long one; reaching nearly to the bottom of the 
bottle, has a rubber tube attached to its outer 
end. This rubber tube, carrying a small weight 
at its open end, is lowered to the required depth. 
On immersing the bottle and tube below the sur- 
face water flows in from the desired levél. 
Water which has obtained access to the tube 
while being lowered can, of course, be run into the 


Fig. 3. View Showing Pit and Track Girders for 
Moving Platform. 


bottle, and then removed before collecting the 
final sample. If the rubber tube is pinched 
tightly at the point A while its end is being 
lowered, hardly any water will enter the open 
end. After the syphon has started, the bottle may 
be lifted slightly, if desirable, so that the hand 
may be clear of the water during the operation of 
filling. 


ESTABLISHING GRADES AND MONUMENTS IN SMALL 
TOWNS.* 


By Ralph B. Slippy.t 


Ackley is a town of about 1,700 population, in Hardin 
County, Iowa, at the junction of the Illinois Central and 
Iowa Central railroads. In the spring of 1904 a special 
election was held to determine the advisability of hav- 
ing a complete resurvey of the town to establish both the 
property lines and the grades. The proposition: ‘Shall 
the survey be made and the grade established,’’ was car- 
ried by a small majority, which would have been larger 
but for the predictions of the opponents of the measure, 
who claimed that the work would cost the town from 
$1,500 to $2,000, in addition to an untold amount in de- 
fending law suits. On May 24, in response to a request 
to come and make an estimate of the cost, the write: 
visited the town and entered into a contract to perform 
the work at a stipulated rate for his own services, the 
town to pay all other expenses. The question as to 
what monuments to use was discussed at considerable 
length. The town council desired that the grades be 
marked in some permanent manner, as the expense of get- 
ting an engineer would be almost prohibitive on account 
of the very little work that would be needed in the future. 
The writer proposed a cement block monument, though 
the danger of their being moved by frost and by inter- 
ested parties was fully presented, The cost of the whole 
work of making the survey, establishing the grade and of 
setting a cement block monument at each block corner 
was estimated at $650, which estimate was not far from 
the actual cost. The monuments themselves cost 14 cts. 
each or a total of $70 for the 500 required. They were 
made by a local cement worker in a wooden box form 
in the shape of the frustum of a pyram!d with a square 
base, the top being 3 ins. square and the base 6 ins. 
square. They were 24 ins. long and weighed about 40 Tbs. 
each. A 40d. spike was placed in the top of each block 
while the cement was green, which served to indicate the 
précise line of the survey. 


*Abstract from the Proceedings of the Iowa Engineering 
Society, January, 1905. 
+Waterloo, Iowa. 


The survey of the town wae undertaken firs. 
the government corners and the few monuments - 
on the original plat (which bore the date of 1<- 
been found, the center line of each street was -, 
temporary stakes were set at the exact intersection. 
center. lines of the cros@- streets. The temporary 
were made.from hard wood lath of the king . 
building fences and were eut fn lengths of abott 
and were tack pointed: these. intersection 
temporary. stakes of the same kin@ were s+ 
block corner. Thé transit wag set éver the in:. 
peg and line taken to fixed sights on each street » 
set 35 ft. each way by measure and carefully }\; 
ft. being one-half the width of the streets. F,.- 
pins the block corners were set by measure and : 
porary stakes set with. tack points. The angles > 
the street lines were read and recorded as a check 
work. 

Following the survey, the pleliminary levels w: 
and the grade system worked out. On the grade ma 
given the grade for the crown.of the street, th. 
grade for each curb corner within the limits of tho 
sections and the walk grade for each corner wh> 
was not eet to the walk grade. On account of th- 
number of figures necessarily appearing on the 
map the surface elevations were not given, thes 
shown on the profiles. The profiles were made /: 
streets in both ‘directions and showed the grade |\; 
surface profiles of the center line of the street in 
ink, the profiles of the side lines of the street in | 
ink, and gave also the elevation of the cement wal! 
ready in. 

Having the grades thus worked out in detail th. 
step was to distribute and set the grade monuments 
temporary stake was first ‘‘pegged in’’ and then the é 
was dug with a post auger or spade to the proper 4. : 
as determined by the level and rod. The top was pli >! 
90 that the spike head was in the correct position a 
gards line and grade and the earth was then tampej 
around the block. It was found that the best time s 
made with three men to dig the holes and set the mony 
ments, 40 blocks being an average number set in a day 
with this force. The work of getting them to the c: 
level was not nearly 60 great as expected, as after setting 
a few the men could place them with about the same num- 
ber of trials that a stake could be driven to grade, a!- 
though the work of lifting them was considerably heavier, 
on account of the weight of the blocks. It was found 
that where the blocks would have to extend more than 
about one-third of their length above the ground, it was 
better to simply set them in and record their elevation. A 
number had to be reset because of their being too easily 
moved when held only by a mound built around them 

The city council provided an ordinance requiring a!) 
improvements to be made in the future with reference to 
this survey and made it a misdemeanor to disturb the 
monuments except to use them legitimately. The grade 
ordinance itself established the grades in one direction 
only but made the grades of the cross streets to corre- 
spond with the grades of the streets named in the oril- 
nance as shown by the grade map and profiles on file with 
the city clerk, thus saving a considerable item of expense 
in advertising. 


This is a somewhat detailed description of a system tha 
will meet with the approval of the town councils of many 
of the small towns. It will undoubtedly find objection 
among many engineers in that it delegates the work of set 
ting wa'k grades to those not competent to do so. At 
the same time it must be admitted that any one who cou!l4 
not set a walk grade when le has a monument at each 
end of the block and has the elevation given on the grade 
map with the proper grade for the corner, would not be 
able to use engineer’s stakes if he had them. Any good 
cement man can get a very good grade and line without 
the use of any instrument other than pointers. 


As regards the design of a grade system, it Is a que. 
tion passed over by a great many engineers without mu): 
attention to very important deta Grades are ofte: 
established which do not provide sufficiently for drainage 
a most important consideration in the ‘writer's bell! 
The minimum grade should be not less than 1 ft. In 400 
although we sometimes must be satisfied with less. It i* 
no serious mistake to place one side of the street high: 
than the other, but the difference should not be more th» 
2 ft. between the curbs. A greater difference can be ' 
tained by terracing between the walk and curb. If this - 
done, however, care should be taken to prgyent too s'° 
an approach from the cross streets and alleys. A wi''’ 
of from 30 to 36 ft. between curb lines is ample for mo' 
small towns, though the tendency is to make this great’ 
Deep side ditches are unnecessary. In one town in wh’ 
I established grades in the past season, fhe town coun 
wanted me to lay out a system of ditches to cover ' * 
whole town and it was only after considerable argum: " 
that they were convinced that if the streets were prope = 
graded the water would find its way out. This one 
currence, strengthened by ideas equally absurd whic! I 
am continually meeting, convinces me that there is mu ° 
room for education before we as engineers find munic'; 
engineering in small towns entirely satisfactory. 
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Why should New York City be prohibited from 
generating electricity at the great dam or dams 
which it is proposed to build for its additional 
water supply? There is no justification for such 
a prohibition on the part of the legislature, and 
the only explanation which we have heard or can 
imagine for barring the city from utilizing this 
valuable source of power is that private light and 
power companies object to having the city as a 
possible competitor. A similar utilization of 
power was included in the plans for the Wachu- 
cett dam recently completed by the Metropolitan 
Water and Sewerage Board near Clinton, Mass. 
The U. S. Reclamation Service, in building irriga- 
tion works in the West, will install power plants 
to utilize the fall of water between the large 
storage dams and irrigation canals. Nearer home 
hydro-electric power is being developed at the 
lower end of the Chicago drainage canal, where 
the canal discharges into the river. This electric 
current will be transmitted to Chicago for the 
use or benefit of that city. As pointed out by Mr. 
Charles D. Flinn, Assoc. M. Am. Soc. C. E., in 
Engineering News of Sept. 13, 1900, in an article 
on the Wachusett dam, a large deep storage res- 
ervoir, supplying a conduit heading far below the 
normal water level of the reservoir, affords an 
unusually good opportunity for developing water 
power, since both the head and the supply of 
water are far more constant than in the case of 
water supplies from ordinary stream flows or from 
small mill ponds. The magnitude of the addi- 
tional water supply for New York, it may be 
added, will affotd an unusual opportunity for this 
class of hydro-electric development, and one that 
might be made to yield or save the city millions 
of dollars within the next 25 years alone. To 
compel the city to allow this power to go to waste 
would be an injustice; to shut the city from its 
use and subsequently allow owners of private 
capital, whether the present lighting monopoly or 
other favored persons, to gobble up these rich 
privileges, with no or at best inadequate com- 
pensation, would be a political crime. Mayor 
McClellan has perceived this and his appeal to the 
public to arouse itself in self-protection should be 
heeded. His action in this and other matters 
pertaining to the much-needed water supply for 
New York is far-seeing, public-spirited and de- 


serves the commendation and support of the 
public, 


The net result of the investigation of the recent 
aisastrous boiler explosion at Breckton, Mass., is 
that the old-fashioned cylindrical boiler with lap- 
seams contains a certain element of danger, that 
no more such boilers should be built, and that is 
fast as possible existing boilers of this type shoul. 
be displaced by boilers of safer design. The 
monthly report of the Boston Manufacturers’ Mu- 
tual Fire Insurance Co., contains the following 
statement by Vice-President Lane: 


This explosion furnishes little new information by 
which such occurrences may be prevented in the future 
wherever lap-seam boilers are still in use. This boiler, 
a 72-in. horizontal tubular, built of %-in. plate with lap- 
seams, is one on which we customarily recommend a 
pressure of about 78 lbs. when new, based on the s0- 
called factor of safety of 5. ‘ Many insurance authorities, 
however, allow and even recommend a factor of safety of 
4% or even 4, and in special cases we should not con- 
sider the pressure of 90 Ibs., which was being carried, as 
excessive. 

So far as can be learned from the investigation of our 
inspectors and published evidence, the cause of the ex- 
plogion was the cracking of the plate under the lap-seam 
—a defect practically impossible to determine by inspec- 
tions of any kind. It is the same defect which has 
caused nearly all the bad explosions in thie type of 
boiler. It can be obviated only by the use of ‘‘butt-seam’’ 
boilers and by discarding wholly the lap-seam boilers. 


It is probable that boiler insurance companies 
will in future refuse to insure lap-seam boilers 
except when they are of recent construction, of 
good workmanship and well-cared for. 


Many large railway repair shops in this country 
are poorly equipped for economical or rapid out- 
put, especially when they are overcrowded with 
work and have to handle locomotives much larger 
and heavier than those for which their machinery 
was originally designed. These shops have, in 
fact, not been improved in regard to equipment 
to enable*them to meet the constant demand for 
greater output and greater economy of work. 
Within the past few years, several railways have 
effected radical improvements in this respect, but 
very much yet remains to be done. The improve- 
ments may be broadly divided into two classes: 
First, the establishment of entirely new shops, in 
which is sometimes concentrated the work of two 
or more old plants; second, the reconstruction and 
enlargement of old shops, to increase their capac- 
ity and efficiency. In these improvements one of 
the most important features is the machinery and 
machine tool equipment, and here again the 
methods practised may be broadly divided into 
two classes: First, the introduction of rew ma- 
chines and tools on a large scale; second, the 
overhauling and improvement of existing tools to 
increase their capacity and efficiency. 

The importance of this subject, and the general 
interest which railway mechanical officers take 
in it, was very clearly shown at the March meet- 
ing of the Western Railway Club, when a paper 
was presented by Mr. M. K. Barnum, who had 
charge of the design of the new Moline shops of 
the Chicago, Rock Island & Pacific Ry. (described 
in our issue of Feb. 11, 1904), and who is now en- 
gaged in expert work for the mechanical depart- 
ment of the Chicago, Burlington & Quincy Ry. 
The paper stated briefly the uneconomical and un- 
satisfactory conditions which now exist to a large 
extent owing to the retention of old shop tools 
and machines in spite of the introduction of more 
and heavier locomotives, and the heavier work 
required on the locomotives. The main point made 
in the paper was that a railway should establish 
a depreciation fund to provide for the renewal of 
its shop machinery in order to maintain its ef- 
ficiency in a proper ratio to the work required 
of it. 

While the paper was short, it provoked a long 
and energetic discussion, which almost universal- 
ly supported Mr. Barnum’s views, but also 
showed very clearly the trying conditions under 
which many railway repair shens actually work 
owing to financial limitations which preclude the 
possibility of installing new equipment, even in 
the face of greatly increased demands upon the 
shop. The value and economy of a systematic re- 
newal and improvement of shop equipment was 
acknowledged, but in the absence of such a sys- 
tem, the mechanical department must find some 
way of doing more work with the old equipment. 

Among other matters, the discussion developed 
the opposite views of those who believe in the 
introduction of new tools and those who believe in 
improving old tools and methods to meet new con- 


ditions. On the one hand, the new tools may 
be idle a large part of the time owing to the 
amount of work being insufficient to keep them at 
work. But, on the other hand, the improvement 
and strengthening of the old tools may be carried 
to a very uneconomical extreme. We have al- 
ready shown that the purchase of new tools is 
sometimes impossible. But even where the me- 
chanical department has a free hand, no hard and 
fast rule can be drawn as to whether to buy new 
or improve old equipment. The best method in 
any one case must depend upon the character of 
the shop equipment, the character of the locomo- 
tives which have to be dealt with, and the char- 
acter of the work required. In many cases, both 
methods can be followed simultaneously, some 
parts of the old equipment being replaced and 
others improveal. 

It appears that a very far-reaching revision and 
improvement of shop methods and machinery has 
taken place on the entire system of the Atchison, 
Topeka & Santa Fe Ry., and special means have 
been taken to determine not only the time re- 
quired for the separate operations of a piece of 
work, but also the cost of these operations, with 
the proper allowance for depreciation, power, sup- 
plies, ete. To such an extent has this detail in- 
vestigation been carried, that every belt is num- 
bered and a record is kept of every belt failure, 
and the life and performance of every belt. The 
objection was made that all this must involve so 
much clerical work and so much labor in looking 
after the belts as to far exceed any economies, 
The reply was, however. that it takes only a por- 
tion of one man's time to keep the record, that it 
does not require a large clerical force, and that 
even counting in the cost of the extra men, the 
practice has proved to be a very profitable in- 
vestment. 

While the introduction of better tools and meth- 
ods is very important, the human element must be 
considered, and is, perhaps, equally important, 
for unless the shop management has the support 
and active cooperation of the men the desired 
results cannot be attained. A few instances will 
show the great importance of this consideration 
of the human element. In one case mentioned the 
output of a boring mill that for years had been 
turning out 20 wheels a day, was increased to 80 
wheels a day by the introduction of a premium 
system. With the use of this same system 
throughout the shops, the number of locomotives 
handled was increased by from 57% to 70% each 
month, with a reduction of 14 to 26% in the cost 
for each engine. In another case, a general over- 
hauling of equipment and methods resulted in re- 
ducing the time for engine repairs from 60 days 
to 22 days for the same work. Such results, how- 
ever, can only be obtained with a loyal and expe- 
rienced shop force; but many railways cut down 
the shop appropriations when business decreases, 
so that it is necessary to discharge men or reduce 
their time. The result is that good men will not 
stay, and when there comes a demand for in- 
creased work, the force has to be recruited with 
such men as can be had. Even if these are good 
workmen, they are unfamiliar with the work and 
methods of that particular work and shop, and 
the results are not favorable. It was also pointed 
out that some large shops designed specially to 
give economy and efficiency of work have been 
established in the open country, at inconvenient 
distances from towns. The discomforts and in- 
conveniences resulting from this are such that it 
is difficult to attract and keep good men, The 
men are not mere machines to be worked for a 
certain number of hours, but they require (and 
rightly so) some consideration for their leisure 
time and their living accommodations. In regard 
to this phase of the subject, one speaker remarked 
that the limit of tool development had nearly 
been reached, and that it is time to give more con- 
sideration to the development of the men who 
have to work the tools and who constitute the 
heart and brain of the shop. 

In regard to the design and construction of 
tools, the practice of the Pennsylvania R. R. In 
requiring such tools to be built in accordance with 
its own specifications was referred to. Some of 
these specifications were given in our issue of May 
12, 1904, in which issue we also discussed — the 
question of improvements in machine tool de- 
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sign. In one particular case on this road (which 
may be taken as typical of a number of cases on 
other roads), through the lack of an appropriation 
for new shop equipment, it became necessary to 
make the old tools meet the increased demand due 
to the increased size and facilities of a new erect- 
ing shop and roundhouse. This was done by 
speeding up the machines and using higher grades 
of cutting tools. During the experimental work 
the machines frequently broke down under the 
severe conditions imposed upon them, and they 
were repaired and strengthened as required. The 
various classes of work were then taken in hand 
by inspectors who checked the time required for 
each operation, with tools of both carbon steels 
and high-speed steels. After all these investiga- 
tions and improvements a standard high-speed 
steel was selected, the cutting speeds and feeds 
were determined, and piece prices were adjusted 
accordingly. The result was a large average reduc- 
tion in the piece prices, and an increase in wages. 
The number of engines handled annually has in- 
creased from 300 (60 for heavy repairs) under the 
old arrangement to 1,000 (200 for heavy repairs) 
under the new arrangement; and the average time 
spent by an engine in the shops and roundhouse 
has been reduced from 30 days to 23 days. All 
this was accomplished without adding new tools 
to the equipment. It may be contended that such 
methods are not economical and that better re- 
sults could be obtained with new and better tools. 
But it must be borne in mind that in this case (as 
in many similar cases) the new tools could not be 
had, while the increased amount of work made it 
imperatively necessary to make the old equip- 
ment meet the new and more severe conditions. 

The failure of new shops to at once produce the 
economies and improvements for which they were 
designed was referred to by several speakers. An 
important reason is that the new plant lacks the 
large equipment of templates, jigs, small tools 
and handy devices and appliances which have 
gradually been devised, perfected, and accumu- 
lated in an old shop. Besides this, the new tools 
are often unequipped with the appliances for 
readily handling the work, and many of the men 
are new to the work of this particular railway. Not 
only have the details of shop equipment to be de- 
veloped, but the working force has to be organ- 
ized, and both men and machinery “broken in’”’ to 
the work. It is estimated that the full economy 
of a new shop can not be realized for at least two 
years, 

We cannot undertake to review or discuss all 
the various points that were touched upon in the 
discussion, but enough has been said to indicate 
the complex Character of the problem of how to 
maintain the motive power equipment in the best 
condition and with. the utmost economy in time 
and cost. The element of time is of great import- 
ance, as it is desirable that the engines should be 
worked to their full capacity, and while a locomo- 
tive is kept in the shop for repairs the investment 
in it is lying idle. 


CONCERNING EXPANSION BEARINGS IN BRIDGES AND 
BUILDINGS. 


It has become somewhat customary among en- 
gineers, in recent years, to criticise expansion 
bearings for bridges. A large number of stories 
are current respecting various bridges in which 
the expansion bearing is said to have rusted fast; 
and whenever this topic comes up for discussion 
some of these stories are sure to be brought 
forward. ; 

At a recent meeting of the Structural Section 
of the Engineers’ Society of Western Pennsyl- 
vania, a paper was read in which the author went 
so far as to condemn the ordinary form of roller 
bearing and to propose the substitution of sliding 
bearings at the expansion ends of bridges. The 
discussion which followed the paper was quite in 
harmony with the ideas advanced by the author. 

We print the paper and discussion in this issue, 
not because we approve it, but because we are dia- 
metrically opposed to the position taken by the 
author and wish to call attention to the matter 
#) that engineers may be not misled by the state- 
ments in the paper. It is unfortunate, we think, 
that some of the well-known structural engineers 
in the Society did not present, in the discussion, a 


defense of the roller bearing, so that the paper 
might in its final publication be accompanied by 
some word at least that would tend to put the 
reader on his guard against an unqualified accept- 
ance of the author's ideas. 

In the first place, let us clear away the error 
that the provision of expansion bearings is a sort 
of theoretical fad, and that it really makes no 
particular difference whether provision for free 
expansion is made or not. ‘The undeniable truth is 
that the expansion of steel with increasing tem- 
perature is just as real and actual a fact as is 
its stretch under tension; and if the two ends of 
a rigid steel structure are held fast, cold will pro- 
duce tension and heat compression in the struc- 
ture just as surely as if the tension or compres- 
sion were produced by an external load. 

Of course viaduct spans supported on tall, 
slender columns may move the tops of their sup- 
ports instead of their expansion bearings; and, in 
lesser degree, lateral yielding of the supports may 
occur in nearly every structure when its length is 
changed by rise or fall of temperature. But it 
is the engineer’s business to know where the ex- 
pansion and contraction of the structure he builds 
are going to be taken care of, and it is also his 
business to be certain that it is done in a way that 
shall cause no unsafe stresses in the structure or 
its supports. This much is, in fact, practically 
admitted by Mr. Rice in the paper before us. If 
any other engineer is inclined to look upon the 
provision for free expansion asa mere “theoreti- 
cal requirement,” we suggest that he study the 
cases of bridges which have suffered injury as 
a result of their expansion bearings ceasing to 
operate. 

Mr. Rice, however, admits that expansion bear- 
ings are needed, but suggests that the roller bear- 
ing is a mistake, and plain sliding shoes, such as 
those used on short-span plate girders would be 
better practice. He justifies this recommendation 
by the following, which we quote verbatim: 

Now, as regarde certain factors of friction. Roller 
friction is a very uncertain quantity, and depends so 
entirely on the finish of the surface of both the beds and 
the rollers themselves that it is difficult to give any av- 
erage statement for it. A fair average coefficient would 
be 0.002 of the weight, which- is the stress required to 
move a body under ordinary rolling friction with such 
conditions as originally exist in a roller shoe. The slid- 
ing friction such as would be occasioned in the first type 
of shoe, ranges from .07 to 0.11 of the weight for the 
start, and after the start is made it comes down to as 
low as 0.004. In other words this sliding friction after 
the shoe is «started is just about twice as much as the 
rolling friction, if each were in perfect condition. 

We may accept Mr. Rice’s figure of .002 for 
rolling friction as probably sufficiently accurate 
for practical purposes; but where, oh where, is his 
authority for any such coefficient of sliding fric- 
tion as 0.07 to 0.11 for the friction of rest and 
0.004 for the friction of motion? 

Bear in mind that the surfaces he is referring 
to are unlubricated and will be of necessity more 
or less covered with the dust and dirt which he 
claims are so detrimental to the roller bearing. 
If his figures were correct, an iron weight of 1,000 
Ibs. resting on an iron plate would be started 
sliding by a horizontal force of only 70 Ibs. to 110 
Ibs., and once started would be kept in motion by 
a pull or push of only four pounds! It does not 
require any text-book knowledge to show the ab- 
surdity of such statements. Any practical man 
who has ever moved a heavy weight knows that 
things are not slid so easily as all that. 

The fact is that the coefficient of friction of rest 
for metal on metal surfaces, unlubricated and dry 
is from 0.20 to 0.40. If Mr. Rice or any other 
reader doubts it, he can easily test the matter for 
himself by simply measuring the angle of in- 
clination of a plane steep enough that weights 
resting upon it will start to slide. 

It is true that the friction of motion is much 
smaller than the friction of rest; but under any 
circumstances it is very much larger than the 8 
Ibs. per ton claimed by Mr. Rice; and, moreover, 
for our present purpose the friction of motion is 
not at all important. The stress produced in the 
lower chord of a bridge by temperature movement 
is dependent on the friction of rest of its expan- 
sion bearing. Stress enough must be put into the 
chord to start this bearing, and it is this that 
concerns the engineer and not the stress that may 
exist when the bearing has started to move. 

This fact is to be borne in mind when consider- 
ing the possibilities in the use of sliding shoes of 


bronze or other non-corrosive material, kept | 
with graphite paste, as was proposed by, 

speaker in discussing Mr. Rice’s paper. We 
of no figures for the friction of rest of such 

faces which would be at all comparable with 
friction of a roller bearing, either at the ¢: 
when everything is new, or after the structur: 
been exposed to climatic influences for twen:: 
thirty years. 

Of course it is true that roller bearings «: 
most cases so designed that water and dust ; 
enter and cause rust, which will interfere with 
free movement of the rollers; but that does 
strike us as any argument against the roller 
ing. Itis rather an argument for so designing | 
the first place that water and dust will be kept « 
and then keeping it in order by proper inspecti 
Even if all this is not done, and the roller bea: 
ceases to act, we do not see but that the u)) 
shoe can slide on the rollers so that the ro 
bearing will become a sliding bearing. Such 
condition would not, we believe, be a desira 
one, but we fail to see wherein a bridge in t) 
condition would be any worse off than if it h 
been furnished with sliding bearings in the fi: 
place. 

We make the above criticisms in the inter: 
of what we believe to be good practice in brid 
designing. ‘The points we would emphasize a: 
that provision for free expansion by some form | 
anti-friction bearing is an absolute necessity «/ 
safe construction. If the roiler bearing is 1 
satisfactory, try a suspended link bearing or some 
other plan; but let us not be misled by the ide. 
that ordinary sliding surfaces can fulfil the re- 
quirements of an expansion bearing for long-span 
bridges. 

The question of expansion bearings in bridges 
brii.gs up the kindred question of expansion in 
structures of the mill-building type: that is, ste+i- 
frame mill and shop buildings, train-sheds, a: 
the like. Many structures of this sort are being 
built 300 ft. and over in length. They are, in th 
majority of cases, exposed to tempereture changes 
nearly @s great as ‘those affecting bridges; and 
while the governing conditions (loading, metho 
of support, distribution of steel, etc.) are quite dif- 
ferent in.the two fields, there are many phases of 
the expansion problem which are broadly the 
same for bridges and open mill-building struc- 
tures. 


In the case of bridges it is pretty generally 
agreed that some provision for expansion is es- 
sential when the span exceeds about 50 ft. Mill- 
building practice does not exhibit such genera! 
agreement: there is consideratle difference in the 
views of the expansion problem taken by the va- 
rious designers and builders concerned in the 
work. Some do not hesitate to rivet up in one 
continuous framework a mill-building 3500 ft. or 
more in length. Others plan for expansion-joints 
as close together as 150 ft., or even closer. Oth- 
ers, again, are half-hearted and doubtful, and 
provide certain slotted rivet-holes, or certain slid- 
ing-plates at girder supports, without working 
out details that will be sufficiently good to per- 
mit any effective expansion motion. Or, the de- 
signer and the builder may not agree in their 
opinion of the need for expansion joints, an: 
therefore may fail to cooperate in producing the 
result. Thus, we described, not long ago, a stee! 
mill-building where the designer planned a nea! 
and effective expansion-joint to break up a con- 
tinuous section about 200 ft. long. When the 
building was fabricated and erected, however, the 
expansion detail proved to have been changed so 
that it was the same as the fixed-end detail, and 
to have been riveted up solid, absolutely prevent- 
ing the contemplated expansion play. 

An unsettled state of opinion, such as this about 
expansion in mill buildings, is not inherently un- 
desirable or deserving of criticism. It is the nat- 
ural condition precedent to the settling of a ques- 
tion wherein, as in this case, many elusive factors 
are involved. And, so far as we know, there is no 
recorded observation or definitely analyzed ex- 
perience, to throw light on the need for expansion 
details in mill buildings. An argument for pro- 
viding such details may be made on lines very 
similar to the correspomiing argument for bridges 
It is true that in buildings there is rarely oppor- 
tunity for serious stresses in the framework from 
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erature expansion, but, if expansion be not 
‘aed, the inevitable changes of length will 
‘bute in an indeterminate way, the frame- 
« may be racked, sheathing joints loosened, 

runaways distorted, ete., with results which 
ometimes very annoying. 

the other hand, with building supported on 

‘ns, a considerable expansion movement can 

ken care of in the columns without difficulty, 

» all enclosed buildings the annual variations 
mperature are much less than in the case of 
zes. 

nat the engineer should do therefore in either 
ce or building, is to ascertain just what ex- 
<ion will take plece and maixe sure that the 
son will occur without overstrain or injury to 
part of the structure or its supports. 


LETTERS TO THE EDITOR. 


Harlacher’s Method of Computing the Discharge of 
Streams and Canals. 


ir: I wish to acknowledge my error in stating in my 
ent article on stream measurement (Eng. News, April 
6 1905), that the methcd I used was more convenient 
than Harlacher’s method. Since writing the article I have 
used the latter method and find it somewhat shorter, and 
f general excellence I believe the Harlacher method 
superior to any other, Respectfully yours, 
J. H. Cunningham. 
Chamber of Commerce, Portland, Ore., April 15, 1905. 


The Equipment for an Engineer Going to Panama. 


Sir: I have read with much interest the letters of your 
contributors on the equipment for am engineer coming to 
this country. 

After several years’ experience in this region I have 
concluded that the most indispensable article for a young 
engineer who desires to work here is a fair amount of 
common sense. The necessary clothes may be obtained at 
almoet any store here after the first pay-day, if they have 
not been previously provided, but the other article is at 
a premium. Yours very truly, 


H. W. Durham, 
Resident Engineer, Dept. Water-Works and Sewers. 
Ancon, Canal Zone, Isthmus of Panama. 


Imbedding Rusted Steel in Concrete. 


Sir: A seven-story reinforced concrete building is being 
erected here, and I notice nearly all, if not all, of the 
steel, both in walls and floors, is put in place covered 
with rust. No oil or other preparation appears to have 
been used and no effort whatever made to prevent or re- 
move the rust. It is pretty well established, I think, that 
iron or steel surrounded by good cement or hydraulic 
mortar will not oxidize, but in important concrete con- 
struction it would seem like taking too many chances to 
put the reinforcing material in the work covered with 
rust. 

I would be glad to know the opinion of engineers and 
architects on this point, and learn something about the 
general practice in regard to it. 

Very respectfully, 
Charteston, W. Va., April 20, 1905. 


Addison M. Scott. 


(The concensus of opinion appears to be that 
rusted iron or steel imbedded in concrete does not 
rust more. The cement appears to penetrate 
through the rust to the clean metal beneath and 
preserve it from further oxidation. If it were ac- 
tually dangerous to imbed rusted metal in con- 
crete, then reinforced concrete construction would 
quickly go out of use; for it is practically impos- 
sible to put reinforcing rods in concrete without 
more or less exposure to the weather and conse- 
quent rust.—Ed.). 


The Customary Method of Measuring Sewers. 


Sir: In your issue of Apr. 6 you ask information as to 
the curtomary method of measuring the length of sewers 
for estimating payments to contractors. In our experi- 
ence we have never found a contractor who expected any- 
thing different from the sensible method of horizontal 
measurement. Surveys, plans and profiles are worked out 
by horizontal measurement, and depths of cuts scaled 
vertical'y on profiles. Certainly the quantity of excavation 
and backfill will be computed that way, and this is the 
largest item in the cost of construction of the smaller- 


sized sewers. The only difference between measuring hor- 


izontally and on the slope will be in 
furnished 


and laid, and we cannot conceive of conditions 
n practice which would make this difference in length of 
émall Sewers worth quibbling about. It would be as sen- 
sible to expect the engineer to make a deduction because 


fifty 2-ft. lengths of sewer pipe will usually lay a little 
over 100 ft. of sewer. 

We find in specifications for sewerage prepared for 
Plainfield, N. J., and for some dozen other cities and 
towns, the following: 

In making the final estimate of the work the horizontal 


length of the sewers will be used, without regard to the 
grade on which they are laid. 


It seems to us that any contractor who would expect 
any different method if that provision were omitted, would 
be of the objectionable ‘‘loop-hole’’ variety. 

Very truly yours, Waring, Chapman & Farquhar. 

MacIntyre Building, New York, April 15, 1906. 


Impregnation of Sand and Gravel Deposits with 
Cement. 


Sir: Can any of your readers furnish positive informa- 
tion, or at least practical suggestions concerning the pos- 
sibility of economically rendering watertight natural de- 
posits such ag sand and gravel by impregnating them 
with some substances, such as cement-grouting, lime-tar, 
or other suitable material by means of a row of bore-holes 
driven into said deposits and applying through same the 
fluid under high pressure? 

For the purpose of raising the underground water level 
in valleys, inclosed by mountaine, also in order to separate 
filter fields for the purification of water running from 
some manufacturing establishments, sometimes even for 
improving deficiencies in reservoir sites, this expedient 
would be very handy, if the cost did not prohibit its ap- 
plication. Very respectfully, 

Charles R. Steiner. 

U. 9. G. S., Chamber of Commerce Building, Denver, 

Colo., April 4, 10906. 

(The late Robert L. Harris, M. Am. Soc. C. E., 
developed a method of grouting deposits of gravel, 
sand, etc., in making foundations, and described 
it in Trans. Am. Soc. C. E., Vol. 24., pp. 230-245, 
and also in Engineering News of March 14, 1891. 
W. R. Kinipple, M. Inst. C. E., of London, also 
developed a similar system, which was described 
in Engineering News in a series of articles pub- 
lished in the second volume of 1890 and the first 
of 1891.—Ed.), 


_ 


On the Question of Improved Rails. 


Sir: Complaints about the inferiority of T-rails as at 
present manufactured are common. It is also a common 
claim that as loads have increased so has the section of 
the rail and everything being equal the rail should wear 
as well as the older sections. Nevertheless, rails as 
manufactured at present fail to give satisfaction. 

It would be abnormal if they did otherwise. Provision 
has been made for the increased load by the heavier sec- 
tion but modern conditions demand more. Not only 
have locomotives and cars increased in weight, but trains 
have aléo increased in length and are run more frequently 
than in former years, go that the rail, subject to modern 
conditions, has to carry a largely increased wheel mile 
age as compared with the rails of an earlier period. In 
consequence of the increased wheel mileage, the metal 
must fatigue sooner and rail faifures are the natural con- 
sequence. 

Few changes have been made in the specification of the 
chemical composition of rails. Engineers have mostly 
followed the old standard specifications, with the ex- 
ception ef such as had the assistance of men who were 
making a special study of the subject. 

The question of an improved rail to better meet modern 
conditions is not s0 much one of the external form of the 
rail as it ise one of chemical evolution. It is the solving of 
a problem in metallurgy, to ascertain by density and crys- 
tallization of metal, by chemical proportion and compo- 
sition, and by improved methods of manufacture the 
quality of metal which will best resist the wear and tear 
of modern railroading. Efforts in this direction should be 
encouraged by the railways in a willingness to pay a bet- 
ter price for a better article. 

Respectfully, 
G. W. Stadly, Mem. Can. Soc. C. B, 
Const. Engineer Algoma Central Railway. 
Sault Ste. Marie, Ont., April 14, 1906. 


> 


Loads on Culverts Under High Embankments. 


Sir: With reference to the question raised by Mr. G. R. 
Winslow in your issue of March 9, 1905, allow me to 
a few remarks: 

Under earth and clay-embankments which retain water 
at times and at other times may stand dry, it would 
seem to be the part of wisdom to count on the whole 
load vertically above the horizontal projection of the cul- 
vert. Such embankments may form cracks, and no one 
can tell how the-e may run. It is true that after s'ight 
settlement and consequent reduction of cross-section of 
the culvert, the pressure would again be reduced on ac- 
count of the arching action of the load. Whether the 
culvert constructed for a reduced load could satisfactorily 
stand such deformation depends partly on the size of the 


object and partly on its construction and material. One 
of the principal points to be considered in this connection 
would certainly be the probable damage to life and prop 
erty resulting from a total collapse or even from a frac 
ture of the walls. 

Numerous portions of tunnele with untold possible tons 
of load on top have been constructed, which certainly 


depend for existence on the arching-action of the load 
This is proved by the fact that after some reduction in 
height, they have reached a state of equilibrium. How 
much of this result is caused by the automatic adaptation 
of the arch-shape selected to the preseure intensity really 
acting on top and sides and how much to the arching ac 
tion of the load will probably in all such cases remain a 
matter for conjecture, although it is evident in many cases 


that the arches could not in any shape support the total 
load without such arching. 

In general it seems clear that a culvert under a high 
embankment should have an arched roof, or at least one 
with a rise in the center in order to give the greatest 
safety. If the case would warrant the expense to add 


articulations at haunches and center of the arch, there 
would seem to be a fair chance to count on the self-arch 
ing of the earth without apprehensiony of co!lapse In 


such an event the writer would deem it reasonable to as 
sume as the load on the articulated arch the earth pres 
sure contained between the two planes tangent to the out 
side of the masonry and inclined at 45° towards the 
center (this being the inclination of probable earth rup- 
ture in an earth slip). 

It should be cautioned, however, that for greater spans 


than usual in tunnels at present, or when using concrete 
arches unusually cut down in thickness, the rigidity of 
the segments between articulations would be another ele 


ment to be considered. “Assistant Engineer.’’ 
Chamber of Commerce Bldg., Denver, Colo, April 16, 
1906. 


+ 


A Simple Method of Taking and Platting Contours in 
Preliminary Surveys. 


Sir: As the methods of railroad location by means of 
contours carefully run out during the preliminary survey 
is now taking the place most everywhere of the original 
practice of “‘running the alphabet out’’ in preliminaries, 
a method of taking and platting up contours that has 
been used very effectively might be interesting to many. 
At the time the preliminary is being made a topographer 
and one rodman if the distances are simply paced, or two 
rodmen if measured, take an ordinary hand level and a 
board or level rod divided into feet and tenths: then 
standing at points on the preliminary where the slopes 
change transversely, they take readings perpendicularly 
to the line of the survey. The rodman is sent out as far 


T 


| 


1] 


Sketch Showing Position of Profile Paper on Map 
for Transferring Contour Points. 
as the slope is uniform and the distance and the rise + or 
fall ~ in feet recorded as a fraction, the distance being 
the denominator and the rise or fall the numerator. Then 
the topographer moves up to where his rodman stood and 
sends the rodman ahead as far as this new slope continues 
uniform, and so on as far out from the preliminary as 
contours are desired. Then the same thing is done for 
the other side of the line,~recording the notes from the 
bottom of the page to the top, as one would be looking 
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ahead in following the line, recording reading left of the 
line on the left side of the center line of the topography 
book and those right of the line on the right side of 
the center line, as follows, for inetance: 

+15 —10 +5 —6 +8 +12 


500 200 100 200 400 400 
Note that the distances are all independent of each other, 
and the sum of the denominators gives the total distance 


Sta. 896 


We have received the following additions to the list of 
names of manufacturers of concrete block machines, pub- 
lished in our issue of April 13 and April 20: 


Walton Granolithic Stone Machine Co., 18th St. and Wa- 
bash Ave., Kansas City, Mo. 

W. P. Bryson, 939 N. Y. Life Bldg., Kansas City, Mo. 

Diamond Cement Block Co., Rock Rapids, Ia. 

Underwood Building Block Machine Co., Fostoria, O. 

J. A. Noble, Fostoria, O. 


5% Flood Line “A Canadian Reader, asks 
Will some reader of the En- 
Water Line gineering News kindly inform 
me what are the determining 


Y 
/ 
/ 


news. rats” tem,” 


FIG. 1. COMPARATIVE SECTIONS OF REINFORCED CONCRETE HOLLOW 
DAM AND ORIGINAL DESIGN FOR SOLID CONCRETE DAM, 
SCHUYLERVILLE, N. Y. 
(The hatched portion represents the original design.) 


out from the center line, To plat these notes, ascertain 
from the profile or the level notes the elevation of the 
point on the center line at which the topography was 
taken and plat the elevation on a scrap of profile paper 
and then lay off your first elope, as so much rise or fall 
in the distance shown by the denominator, then the next 
one from this point and the same for the rest of them. 
Then take the profile paper, placing its center line over 
the center line of the survey on the map drawn to 400 
ft. scale to 1 in. and at distances out from center line 
at which these slope lines drawn intersect the 5 foot ele- 
vations, and make a point marking its elevation thereon. 
In this way all the 5 feet (or emaller) contour points can 
readily be platted. This same piece of profile paper can 
be used for four or five miles of contours by making 
the lines light and erasing each time after the inter- 
sections are transferred to the map. Herewith will be 
found illustrated the method explained, using the notes 
given in the example of field notes. 

From these points of elevation and the profile, the con- 
tours can readily be connected up and inked in on the 
map. Respectfully, 

Jno. BE. Walker. 

625 New Nelson Building, Kansas City, Mo., March 

3, 1905. 
Notes and Queries. 
T. M., Dallas, Tex., writes: 


A says that a right-hand valve is one which, when 
closed, you have to turn to the left to open. B says that 
a right-hand valve is one which, when closed, you are 
required to turn it to the right to open. Which one has 
the correct opinion? 

We believe a right-hand valve is one in which the hand 
wheel turns to the right to screw down or close. 


— conditions in choosing between 
es 4 cast-iron and steel columns jp 
buildings?”’ 

Cast-iron columns are usual- 
ly somewhat cheaper, particu- 
larly for short columns, heav- 
ily loaded. Practice has been 


VY tending toward the use of steel 


columns more and more in re- 
& cent years, however, and the 
rapidly extending use of rein- 
forced concrete is likely to still 


_dicate the absolute stability of the structu: 


rollway above the river bed is 25 ft., the ; 
height in the channel being 28 ft. The : 
rollway between abutments is exactly 250) 
foundation is of Hudson River shale, m: 
firm in texture, but not sufficiently so ; 
a sheer overfall. 

A solid concrete dam was originally ed 
for this location. Alternate designs for 
way were submitted by the Ambursen 1} 
Construction Co., and approved by the c: 
engineer. 

Fig. 1 shows a cross section of the su 
superimposed on a cross section of the re 
dam as finally adopted. In this diagram ¢} 
of water pressure alone, normal to the 4. all 
fall within the base of the dam. When the echt 
of the dam is calculated and combined the 
water pressure the resultant lines as to in 
and direction are as indicated, being more ly 
vertical as they approach the crest of th: um. 
These resultants fall far within the base ; 


BUTTRESS 


FIG. 2. DETAILED CROSS SECTION OF HOLLOW REINFORCED CONCRETE DAM AT 
SCHUYLERVILLE, N. Y. 


further crowd out cast-iron columns. Of course, in certain 
localities, where cast-iron columns can easily be obtained 
from local foundries while steel columns would have to 
come from far distant mills, and there are no experienced 
workers in reinforced concrete, cast-iron columns will 
continue to be used for a long time to come. 


A HOLLOW REINFORCED CONCRETE DAM AT SCHUY- 
LERVILLE, N. Y. 

. The dam here illustrated is a reinforced concrete 

dam under a moderately high head and on a fairly 

firm rock foundation. The average height of the 


der any flood. The angle of these resultants being 
greater than the angle of friction between the 
dam and its base removes the possibility of slid- 
ing and does away with a costly excavation for 
locking walls. A trench 5 ft. wide and 3 ft. deep 
receives the cut-off wall at the heel of the dam. 
No excavation was made for the buttresses or 
toe, the only preparation being to wash the silt 
and slime out of the crevices of the rock by a jet 
of water under pressure. 

Fig. 2 is cross section of the dam as actually 
constructed except for a slight modification of the 


FIG. 3. SCHUYLERVILLE DAM THREE DAYS AFTER COMMENCING 


TO SET FORMS. 


FIG. 5. FIRST SECTION OF SCHUYLERVILLE DAM NEARLY 


COMPLETED. 
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FIG. 4. FIRST SECTION OF THE SCHUYLERVILLE DAM UNDER CONSTRUCTION. 


shape of the crest. Openings through the but- 
tresses admit of a free examination of the interior. 
The dam stands at the head of a slight pitch suf- 
ficient to keep it practically drained at ordinary 
stages of water. During flood, nowever, the 
height of the tail water is always the same inside 
the dam as below it, there being free communica- 
tion through the drain openings. 

The shale foundation has minute seams which 
with a solid dam might allow sufficient leakage to 
create an upward pressure on the base of the dam 
and so impair its stability. With the hollow con- 
struction such leaks can exert no pressure since 
as soon as they pass the cut-off wall they are free. 

The 3-in. vent openings shown below the crest 
in each bay serve to alimit air behind the over- 
fall, thus breaking the partial vacuum and pre- 
venting “trembling” of the dam. 

A unique and thoroughly practical feature is 
the bridge-way through the dam underneath the 
crest, the footboards of which are 16 ft. above the 
river bed. The bridge is dry and well ventilated 
and lit by an incandescent lamp in each bay. This 
is the only means of communication between the 
mill on the north bank and the railway station on 
the south bank of the river. It is in daily use by 
all the operatives, officers and visitors who pass 


and repass, often with 4 or 5 ft. of water going 
over the rollway above their heads. Two notable 
features are the absolute quiet im the interior of 
the dam, notwithstanding the turmoil of the fall- 
ing water outside, and the powerful indraft of air 
created by the suction of the vents in the apron 
and the drains in the toe. 

The buttresses in this dam are 8 ft. c. to c., al- 
though 10 ft. is the preferred practice. The thick- 
ness of the buttresses is 12, 15 and 18 ins. from 
the top downward for the three benches, respec- 
tively. Tie rods are imbedded in the edges and 
over the opening as shown in Fig. 2. The but- 
tresses are leid in 1: 3:6 concrete, using aggre- 
gates up to 2%-ins. The maximum load on the 
buttresses at any point is 5 tons per sq. ft. 

The crest is 24 ins. thick in the thickest part, 
and contains sockets for the flashboards. 

The deck* is 9 ins. thick immediately below the 
crest, increasing to 11 ins, at the bottom. Rein- 
forcement was by Johnson bars, the sizes and 
spacing of the bars being so proportioned as to 
give a factor of safety of five under a 5-ft. flood 
with concrete six months old. Underneath the 
bars and supporting them is a netting of wire 


*The nomenclature adopted by the designers is here 
used.—Ed. 


FIG. 6. A 5-FT. FLOOD OVER THE SCHUYLERVILLE DAM. 


mesh. The deck and apron are iaid of 1: 2:4 
concrete, with aggregates below ‘j-in. and as 
wet as it would work. No special finish was given 
to the surfece and when the pond was filled there 
was but one leak discovered, just sufficient to 
perely show detached drops. This leak closed it- 
self naturally in a fow days. 

The 2pron* is § ins. in uniform thickness be- 
tween the crest and the bucket.* 

The view shown by Fig. 3 was taken on Sept. 
30, three devs after commencing to set up the 
forms. Fig. 4 shows the channel of the river with 
the first bench of the dam tender construction, 
Lateral reinforced concrete beams for stiffening 
the buttresses are seen near the further shore. 

Fig. 5 shows the dam still further advanced 
with the channel stopped by a second cofferdam 
end the water diverted through the prepared 
openings in the dam and seen just beyond the 
cofferdam. 

Fig. 6 shows the completed dam with a 5-ft. 
flood on the rollway. The night before this view 
was taken immense fields of heavy ice up to 44 
ins. thickness went out, often stranding on the 
crest to a height of 5 to 6 ft. 

Perhaps the most notable feature of this dam 
is the ingenious method of closing it. The usuai 
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Fig. 7. Temporary Gates for Use at Time of Clos- 
ure of Dam. 
(Patented Feb. 7, 1905.) 


high cofferdam around the gap is entirely omitted 
et a saving of cost of several thousand dollars, 
with a month’s loss of time and all the attendant 
risks. 

The hollow construction of the reinforced con- 
crete dam permits of an entirely unique method of 
closure. The minimum flow of the river was com- 
puted, and also the rate of rise after closing. 
Enough openings were left, as shown in Fig. 5, to 
take care of the low water flow when about one- 
quarter full. The deck and buttresses were ex- 
tended as shown in plan and vertteal section in 
Fig. 7, to form a horizontal shelf through which 
openings were left, registering with vertical 
grooves in the buttresses below. Rough gates of 
G-in. timbers were prepared for temporary clos- 
ing; also two loose fitting forms in each bay. A 
grid of reinforcing rods wired together at proper 


intervals was also prepared, the rods being long 


enough to bear on the concrete shoulders in the 
buttresses. All this work was done last fall while 
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the main cofferdam was in place, and the material 
laid in the ghelves until required. The flow was 
then diverted through the openings and the re- 
rocinder of the dam completed, the lest concrete 
being laid in the crest on Dec. 31, 19(4. The fore- 
bay at the mill was then completed and the con- 
crete allowed to harden for about one month. 

On Saturday, March 11, 1905, the condition otf 
the river being favorable, it was decided to 


Fig. 8. Design for a Flashboard for Use on Hollow 
Dams. 

close the dam. The ice was first chipped ana 
melted from sround the openings. A crew of six 
men took charge of each opening, all under the 
direction of Mr. P. M. Trout, Superintendent for 
the contractors. The water at the time was run- 
ning about 2 ft. deep through the openings. 

One opening was first closed with deliberation, 
so as to make sure that every contingency was 
foreseen. A second opening was then closed as 
the rise of the river was not unduly great. With 
four openings flowing, the water then rose 
to a depth of about 3S ft. The four re- 
maining gates were suspended in _ position 
by a rope made fast to a temporary gallows 
frame. At a_e given signal the ropes were 
eut and the gates dropped home. A_ few 
soft coal ashes were dumped into the stream 
above the gates for temporarily stopping the 
leaks. The loose forms were rapidly lowered into 
place and set out against their temporary stops, 
the grid of reinforcing rods being at the same time 
placed in position. Two 3-in. pipe drains were set 
in holes previously prepared in the bottom edge 


of each form. At this stage the arrangement had _ 


advanced to the condition shown in the cross sec- 
tion, Fig. 7. The space between the forms was 
then immedictealy filled with about 1% cu. yds. 
of concrete for each bay, and a plank hatch was 
spiked to nailing strips to protect the green con- 
crete. The full operation cf closing the dam oc- 
eupied a total of 45 minutes from the time of cut- 
ting the ropes until the hatches were finally spikel 
down. One crew of six men on one of the bays 
completed its work in exactly seven minutes. The 
particular point in this design is the drain pipes, 
whose office is to lend away any Jeakage past the 
temporary gates which would otherwise accumu- 
late between the gates and the forms, and trans- 
mitting the pressure due to the full head as the 
pond filled up, would of course tend to wash out 
the cement and ruin the work. 

The drains take care of the water with ease and 
the conerete can harden undisturbed for an in- 
definite time. When sufficiently hard the drain 
pipes are then stopped with two soft pine plugs 
enclosing a plug of concrete. In this case the 
pond rose to the height of the shelf in about 2% 
hours after dropping the gates, thus giving ample 
time for closing the dam and confirming the cal- 
culations of the engineers. The pond itself filled 
in about 36 hours to the crest of the rollway. 

To close the openings left in the apron, flash- 
boards were set on the crest above the openings 
and for a distance each side and made tight by 
sand bags. Under the protection of these flash- 
boards, forms were set and the down-stream open- 
ings were leisurely closed, this latter operation re- 
quiring one full day. 

The flashboard and fittings as criginally de- 
signed for this dam (but which through a misun- 
derstanding were omitted in construction) are an- 
other illustration of the possibilities in details 
when there are “rooms to let” in the interior of a 
dam. The usual method with flashboards is to set 
wooden stanchions in a socket and allow them to 
break off under a flood; or to set light iron rods 
which can bend over. 


The design adopted by the engineers shows a 
pipe thimble embedded in the crest and open at 
both ends. In this is a steel rod loose enough to 
move freely and stiff enough to stand any ex- 
pected flood without bending. The upper end of 
the rod is formed as a hook and the lower end is 
adapted for a two-hand wrench. Fig. 8 shows the 
flashboards in position. To release the flashboards 
the rod is turned half way around from under- 
neath the dam and then drawn down until the 
hook drops into a pocket formed in the concrete. 
This releases the flashboards, and the rod is out 
of the way of damage from ice or logs and can be 
raised at any time and the flashboards replaced. 

When the dam has no special bridge-way 
through it, the slight drip at each rod-is not an 
objection. When, however, there is a bridge-way 
to be protected the rod is lightly packed with a 
stuffing box. 

The dam was begun Sept. 27, and finished Dec. 
31, upwards of two weeks in the meantime having 
been lost by high water. With the improved 
methods developed from this experience the en- 
gineers state that the construction of a second 
dam of the same size and characteristics would 
not again call for more than cight te ten weeks. 

The owrers of this dam are the American Wooil 
Board Co., Schuylerville, N. Y., Mr. Geo. F. 
Hardy, 309 Broadway, New York City, was con- 
sulting engineer. 

The engineers of the rollway and contractors 
for the steel and forms were the Ambursen Hy- 
draulic Construction Co., 176 Federal St., Boston, 
Mass. The general contractors for the mill and 
for the placing of the concrete in the dam, in- 
cluding the construction of the cofferdam, were 
Messrs. Tucker & Vinton, 156 Fifth Ave., New 
York. For the information here given we are in- 
debted to Mr. W. L. Church, President of the 
Ambursen Hydraulic Construction Co. 


CONSTRUCTION, REPAIRS AND SUBSEQUENT PARTIAL 
DESTRUCTION OF THE ARIZONA CANAL DAM, 
NEAR PHOENIX, ARIZ. 


By H. F. Robinson.* 


On account of continued and heavy floods a sec- 
tion of the Arizona Canal Dam, located near 
Phoenix, Ariz., went out April 13, 1905. 

This dam was designed and built under the su- 
pervision of the late S. A. Davison for the Ari- 
zona Canal Co., to divert water from Salt 
River for irrigation purposes. It is situated on 
Salt River, 28 miles above the city of Phoenix 
and a mile below its junction with the Verde 
River and forms a portion of the diversion works 
ef tne Arizcna canal. 

This canal, at its head, is 60 ft. wide at the 
water surface. It has side slopes of 4 to 1, with 
a capacity of 1,000 sec. ft. It is 49 miles Jong, 
with at least 125 miles of lateral ditches, cover- 
ing a large tract of land north of Phoenix. 

Salt River is an extremely difficult stream from 
which to divert water, having a wide, sandy bed 
varying from 700 to 800 ft. to a mile in width. 

Its discharge is very erratic. With an average 
minimum flow of 400 to 500 sec. ft., it has dropped 
to 100 sec. ft. on several occasions, while floods of 
from 10,000 to 50,000 sec. ft. frequently occur. One 
February flood amounted to 285,000 sec. ft., of 
which 135,000 sec. ft. came from its tributary, the 
Verde, and 150,000 sec. ft. came frcm upper Salt 
River. 

With such variations in discharge, and consid- 
ering the character of the river bed, the design 
and construction of a safe diversion dam was ex- 
tremely difficult, since at no place could bed rock 
for a foundation be found. A rock-filled timber 
crib dam was designed and constructed which has 
proven satisfactory in every respect. 

At the point selected there is a cropping of rock 
on either side, though not directly opposite each 
other; but it was decided to use these rocks as a 
foundation upon which to anchor the ends of the 
dam. This necessitated the building of the dam 
diagonally across the stream, giving a total length 
of 1,000 ft., as shown in Fig. 1. 

The dam was built of timber cribs, of Oregon 
pine, securely fastened together with drift bolts 


*Irrigation Engineer; City Engineer of Phoenix, Ariz. 


and tie rods and filled with leose rock ay) 
It was completed in 1887. 

At the ends the bottom timbers were ; 
to beG rock by anchor bolts. Beyend th. 
excavation was made in the river ped j), 
mud sills were laid and upoa which the «;)) 
built, while for the center of the strej:, 
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Fig. 1. Sketch Plan of Dam and Head W 
Arizona Canal. 


were built, floated into position, filled wit! 
and sunk. 

To provide for unequal settlement th: 
cribs were not rigidly fastened together, })\): 
attached to each other by wire cable. A}! 
were sunk as deep as possible, the m 
depth being 335 ft. near the center of th: 

The base width of the dam, pzrallel to the . St 
of the stream is from 36 to 48 ft. 

The construction throughout the entire ioieih 
of the dam is not the same. The western | 
that nearest the headgates and the portion 
which the main current of the river is detl 
consists of a row of cribs planked on the upper 
side and on the top. (See Fig. 2.) Th 
stream edge of the top is about 2 ft. Jower thin 
the crest edge. On this sloping top and on its 
upper batter slope, silt has been deposited, add- 
ing its weight to the structure. 

Below this row of cribs is a second row 
214 ft. lower; below is a third row with anothe: 
drop of 2% ft., and from this the water fills « 
like distance on to what are virtually swinging 
cribs that are attached to the dam proper by 1-in. 
wire cables. The whole of the upper and face 
surfaces of these cribs are planked over, forming 
a series of steps upon which the water falls, and 
its force is thus broken. 

The western half is built without these stejs 
and consists of the main cribs with a single apron 
below, as shown by the full lines in Fig. °. 

Beyond the east end of the dam and separited 
from the main river channel by the rock cropping 
and a gravel bar is low ground that formerly ws 
a channel of the river. To prevent high iter 
from again cutting a channel here, an earth em- 


Fig. 2. Cross-Section of Western Half of Arvo” 
Canal Dam. 


barkment about 10 ft. high and 1,200 ft. lone 
constructed. 

Since the dam was built the central portion | \5 
settled at various times, the mest serious « 
sicr being in 1891 when not only conside: ‘!< 
settlement took place, but portions of the m 
were washed away, necessitating very exte 
repairs. In every case prompt repairs have ©) 
made by stripping off the covering, buildin: uP 
the cribs-to grade, filling them with rock . 1d 
replanking. ‘ 
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About six or seven years ago it was discovered 
that the timbers in the upper portion, which in 
low water were exposed to the air, were begin- 
ning to decay and it was decided to strengthen 
the dam and at the same time to raise its crest to 
a uniform height of 13 ft., or 2 ft. higher than it 
was before. 

Four rows of 12 x 12-in. sawed piling were 
driven the entire length of the dam, about 5 ft. 
e. to c., as shown by the broken lines in Fig. 3. 
On these piles 12 x 12-in. caps were fastened and 
stringer of like dimensions were placed above 
these longitudinally, the cribbing thus formed be- 
ing filled with rock and the whole recovered with 
3-in. plank. A row of sheet piling was also driven 
along the upper side. No repairs have been made 
since, and none had been needed until the recent 
failure. 

At the time the break occurred there was 7.7 
ft. of water on the crest. It was first noticed 


Fig. 3. Eastern Half of Arizona Canal Dam; Show- 
ing Also, by Broken Lines, Repairs and Enlarge- 
ments to Whole Dam. 


that portions of the center were being torn away a 
plank or a timber at a time, and at the present 
time there is a gap of about 300 ft. The river has 
fallen to about 4 ft. on the crest and the danger 
of the destruction of the balance of the dam seems 
possibly over. 


THE THBBES BRIDGE over the Mississippi River at 
Thebes, Ill., was opened to traffic on April 18. The last 
ping of the cantilever channel span were driven on April 1. 


CREOSOTING WOOD is generally supposed to make it 
more inflammable. We are informed, however, that sev- 
eral creosoted telephone poles in the recent fire at the 
New Orleans docks, resisted the attack of the flames suc- 
cessfully. Two of these poles stood within 6 ins. of one 
of the freight warehouces, so close that holes had to be 
cut in the edge of the roof when the poles were erected. 
The warehouse with its contents including 15,000 bales of 
cotton, was totally destroyed; but the poles were so little 
charred that they are still in use. 


> 


THE NEW ORLEANS FREIGHT TERMINALS of the 
Illinois Central R. R., at what are known as the Stuy- 
vesant Docks, which were destroyed by fire a few weeks 
ago, are now being rebuilt on improved lines, and the 
work contemplated is as follows: 1, The reconstructing of 
wharf, 3,000 ft. long and 152 ft. wide; the lower portion 


— 


is a wooden structure, covered by a steel roof. 2, The 
reconstruction of two freight houses, 100 x 1,200 ft. and 
100 x 1,000 ft.; both of these will be of fireproof con- 
struction, having brick walls, concrete floors and steel 
and concrete roofs; 18-in. brick fire walls will be placed 
at intervals of 240 ft. 3. The reconstruction of the cot- 
ton warehouse, about 1,600 ft. long and having an aver- 
age width of 140 ft.; this will be of fireproof construction, 
similar to the freight houses. 4. The reconstruction of 
two grain elevators, having a combined capacity ot 


* 2,500,000 bushels. 6. The reconstruction of conveyors, 


including all machinery, etc. 6. The reconstruction of 
the special fire protection system. The work will be un- 
der the direction of Mr. R. BE. Gaut, Engineer of Bridges; 
and the contracts for the work have been awarded. 


DUPLEX LOCOMOTIVES on the Mallet system have 
been built for the American Railway Co., which operates 
160 miles of meter-gage lines in Porto Rico. The engine» 
are four-cylinder compounds and have twelve driving 
wheels, arranged in two groups. The three rear axles 
are mounted in short main frames carrying the firebox 
and cab and extending half way along the boiler barrel. 
At the front end of these frames are the high pressure 
eylinders, taking steam from pipes leading up outside of 
the boiler to the dome. The three forward axles are 
mounted in a swiveling truck frame pivoted to a cross 
frame at the ends of the main frames. At the front end 
of the truck are low-pressure cylinders, The engines 
have the Walechaert valve gear, operating slides. They 
burn soft coal, and in addition to long smokeboxes have 
balloon smokestacks with spark arresters. The tenders 
have two four-wheel trucks with 26-in. wheels. The 
engines were built by the Baldwin Locomotive Works, and 
their dimensions are as follows: 


Driving wheels (12) 

Driving wheelbase (of each group) .... 

Wheelbase of engine aed 

Whee.ibase of engine and tender ...... 

Weight of engime 

We.ght of engime and tender 
Cylinders ...... peedecbes 12% x 20 and 19 x 20 ins. 
Boiler, diameter ......... . 4 ft. 6 ins. 
Working steam preseure 200 lbs. 
Firebox (radial top) .........-.+6- 8 ft. x 2 ft. 3% ins. 
Tubes, No., 155; diameter ..... 2 ins. 
15 ft. 6 ins. 
Heating surface, tubes ........cccccccocecs 1,251 sq. ft. 
Heating surface, total ............ ee 


THE RESISTANCE OF PILES TO ATTACKS OF 
teredoes (Nausitoria) was tested by driving two piles 
at Port Hunter, New South Wales. Two kinds of hard- 
wood piles were driven in 1897, one of Jarrah timber 
(Western Australia) and one New South Wales Turpentine 
(Syncarpia laurifola), both being driven in 10 ft. of water 
where the range of tides is 5% ft. at spring tides and 34 
ft. at neap tides. In Feb., 1904, 6% years after driving, 
the two piles were pulled and sections cut. It was found 
that in the Turpentine pile the attacks of the teredo had 
been confined to about an inch of the sapwood, the rest 
of the pile being as sound as the day it was driven. The 
Jarrah pile, on the contrary, was completely riddled be- 
tween high and low water marks. Below low-water 
mark, both piles were practically sound, and beneath the 
ground line they were in perfect condition. It is gaid 
that this test adds another to the long list of proofs that 
the New South Wales Turpentine timber is impregnable 
to the attacks of marine borers under almost all con- 
ditions. 

The foregoing facts have been abstracted from a report 
of Mr. J. Davis, M. Inst. C. E., Under Secretary for 
Public Works, New South Wales. 
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FIG. 4. ARIZONA CANAL DAM 


BEING REPAIRED AND RAISED. 


PERSONAL. 

Mr. Bryce R. Blair has been reelected City Engineer of 
Carbondale, Pa. 

Mr. Harvey Linton has been reappointed City Engineer 
of Altoona, Pa. 

Mr. A. E. McIntosh has been appointed City Engineer 
of Pueblo, Colo. 

Mr. J. P. Harper has been elected City Ex 
Pine Bluff, Ark. 


gineer 


Mr. G. P. Coleman has been reappointed City Engi 
neer of Winona, Minn. 

Mr. John B. Hawley has been reappointed City Engi 
neer of Fort Worth, Tex. 

Mr. A. P. Smith has been reappointed City Engineer 
of North Tonawanda, N, Y. 

Mr. William F. Williams has been reappointed City 
Engineer of New Bedford, Mass. 

Mr. W. S. Kinnear, Chief Engineer of the Michigan 
Central Ry., has been appointed Assistant General Man 
ager. 

Mr. W. Walker has been appointed Division Engi- 
neer of the Missouri Pacific Ry., with headquarters at 
Pueblo, Colo. 

George N. Merrill & Co., Consulting Engineers of 
Springfield, Mass, have been appointed Town Engineers 
of West Springfield. 

Mr. I. Wayne Von Leer, M. Am. Soc. C. E., has been 
appointed General Manager of the El Carmen Copper Co., 
at El Carmen, Durango, Mex. 

Mr. Geo. A. McCarthy has been appointed Engineer 
Maintenance of Way and Assistant to the Chief Engi- 
neer of the Temiskaming & Northern Ontario R. R. 

Mr. F. H. Jones, formerly Manager of the Air Compres 
sor Department of the International Steam Pump Co., 
has been appointed General Sales Manager of that 
pany. 


com 


Mr. Joseph M. Patterson has been appointed Commis- 
sioner of Public Works of Chicago, Il., to succeed Mr. 
F. W. Blocki, who, at the last election, was elected City 
Treasurer. 

Mr. Oscar Sanne, M. West. Soc. E., recently with tie 
Scherzer Rolling Lift Bridge Co., has gone into business 


as a consulting bridge engineer. His address is 205 Hazel- 


Ave., Chicago, 

Mr. W. H. Hunter, Chief Engineer of the Manchester 
Ship Canal, has been selected by the Fritish Government 
to act as a member of the board of advisory engineers 
of the Isthmian Canal Commission. 

Mr. W. S. Kirby has been appointed Superintendent of 
the Chicago Division of the Chicago, Burlington & Quincy 
Ry., succeeding Mr, H. G. Hetzier, who has resigned to 
go to the Metropolitan Elevated Ry. 

Mr. Robert R. Livingston, Mechanical Engineer, form- 
erly with the Allis-Chalmers Co., in its Chicago office, 


has associated himself with Mr, W. 8S. Barstow, Consult 
ing Engineer, 56 Pine St., New York 
Mr. Charles Ducas, J. M. Am. Soc. M. E., formerly 


Editor of the Railroad Gazette has become associated 
with Mr. Ray D. Lillibridge in the business of Technical 
Publicity, with office at 170 Broadway, New York 

Mr. R. EB. Spencer Geare, formerly Consulting Engi- 
neer to Colgate & Co., has severed his connections with 
that firm and will be identified with Mr. Walter S. Tim- 
mis, Consulting Engineer, 150 Nassau St., New York. 

Mr. T. H. Clark has been appointed General Superin 
tendent of Motive Power of the Chicago, Burlington & 
Quincy Ry.; and Mr. F. A. Torrey succeeds him as Su- 
perintendent of Motive Power of Lines East of the Mis- 
souri River. 

Mr. Charles J. Poetsch, City Engineer of Milwaukee, 
Wis., has been reelected Pregident of the Board of Pub- 
lic Works of that city. Mr. Poetsch has been connected 
with the engineering department of the city for 27 years, 
having been appointed Assistant City Engineer under Mr. 
H. F. Hilbert in 1878 

Mr.. Arthur A. Reimer has been appointed Superin- 
tendent of Water-works of East Orange, N. J Mr. 
Reimer was graduated from Massachusetts Institute of 
Technology in the Class of 190 He has been Chief 
Engineer of the Jersey City, Hoboken and Paterson Di 
vision of the North Jersey Street Railway. He was field 
engineer during the construction of the new water-works 
of East Orange 

Mr. F. H. Newell, M. Am. Soc. C. EB. Chief Engineer 
of the U. S. Reclamation Service has been appointed a 
member of a special commission which is to deal with 
quest'ons arising relative to the division and interference 
with the course of international rivers The other mem- 
bers of the Commission are Judge Penfield, Solicitor for 
the State Department and Special Assistant Attorney Gen 
eral M. C, Burch. 

Mr. Charles N. Wilson, formerly Manager of the 
Columbus, Greenburg & Richmond Traction Co., and 
prior to that fiscal representative of the Appleyard sys- 
tem of traction lines in Ohio, has been elected President 
and General Manager of the American Engineering Co, a 
corporation recently organized for the handling of +rail- 
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road and other construction contracts. Mr. J. C. Ostrup, 
M. Am. Soc. C. E., of New York, has been elected Chief 
Engineer. The headquarters of the company are in the 
Traction Terminal Building, Indianapolis, Ind. 

Mr. William E. Swift, Assoc. M. Am. C. E., has re- 
signed his position as Engineer, U. S. Reclamation 
Service, to accept a position as Resident Engineer with 
the Isthmian Canal Commission. Mr. Swift, who was 
born in Connecticut, was graduated from the Massachu- 
setts Institute of Technology with the degree of B. 8S. 
He has been engaged in various engineering capacities 
since 1895 with the Boston Water-works, Metropolitan 
Water-works, Boston; Munson Steamship Line, New York; 
Rapid Transit Railroad, New York, on construction of 
subway. 


Obituary. 


William Toone St. Auburn, a civil engineer of Detroit, 
Mich., died April 15, at St. Mary’s Hospital, in that city, 
aged 48 years. He had been employed as a civil engineer 
in South Africa and New Zealand. 

George N. Wheelock, Assistant Engineer in the Bureau 
of Engineering, Department of Public Works, Chicago, 
died April 19, at the age of 47. He had been connected 
with the Bureau of Engineering since 1889. 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


INTERNATIONAL RAILWAY CONGRESS. 

May 3 to 15, 1905, at Washington, D. C. Secy. of 
American Committee, W. F. Allen, 24 Park Place, 
New York. 

AMERICAN WATBR-WORKS ASSOCIATION. 
May 8 to 12, 1906. Annual meeting at West Baden, 
Ind. Secy., J. M. Diven, Charleston, 8S. C. 
AMBRICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
May 16, 1905. Annual meeting at New York, N. Y. 
ASSOCIATION OF RAILWAY TELEGRAPH SUPERIN- 
TENDENTS. 

May 17, 18 Annual meeting, at Chattanooga, Tenn. 

Secy., P. W. Drew, Wisconsin Central Ry., Milwau- 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
June 6, 7, 8 9, 1905. Annual spring convention, at 
Scranton, Pa. Secy., F. R. Hutton, 12 West 3let St., 

New York, N. Y. 

AMERICAN FOUNDRYMEN'’S ASSOCIATION. 

June 6 to 9, 1005. Annual convention in New York. 
Secy., Richard Moldenke, Watchung, N. J. 

{MASTER CAR BUILDERS’ ASSOCIATION. 

{AMBRICAN RAILWAY MASTER MECHANICS’ AS- 

SOCIATION. 

June 14-21, 1905. Annual meeting at Manhattan 
Beach, N. Y. Secy., J. W. Taylor, The Rookery, 
Chicago, Il. 

AMERICAN INSTITUTB OF ELECTRICAL ENGINEERS. 

June 19 to 23, 1005. Annual convention at Asheville, 
N. C. Secy., R. W. Pope, 95 Liberty St., New York, 

AMERICAN SOCIETY OF CIVIL BNGINEERS. 

June 20 to 2 Annual convention at Cleveland, Ohio. 
Secy., Charles Warren Hunt, 220 West 57th St., New 
Tor, 

LEAGUE OF AMERICAN MUNICIPALITIES. 

August 23 to 25. Annual meeting at Toledo, O. Secy., 
J. MeVicar, Des Moines, Ia. 

ROADMASTERS & MAINTBNANCE OF WAY ASSO- 
CIATION, 
Sept. 12, 14. Annual meeting, at Niagara Falls, N. Y. 


Secy., C. E. Jones, C., B. & Q. Ry., Beardstown, IIl. 


ST. LOUIS RAILWAY CLUB.—At the meeting on April 
14, Mr. F. Wyman, Postmaster, presented a paper on 
‘The Postal Service in St. Louis.’’ The following officers 
were elected: President, John J. Baulch; Secretary, E. A. 
Chenery. 


SOCIBTY OF CHBMICAL INDUSTRY.—An interesting 
subject came before the New York section of this society 
at its meeting of Wednesday, April 19, held at the 
Chemists’ Club, 108 West SSth St., New York City. 
Mr. M. Toch read a paper entitled ‘‘New Paint Conditions 
as Indicated in the Subway of New York.’’ Beginning by 
laying stress on the fact that the materials used in paint- 
ing the steelwork of the New York Rapid Transit sub- 
way were excellent and most carefully inspected, and 
the workmanship as good as the unfavorable conditions 
would permit, the author said that, in little less than two 
years after the work was painted, hair-line cracks and 
pittings appeared on the surface. The steelwork had the 
following paint treatment: one coat red-lead in linseed 
oil in the shop, one coat red-lead in oil after erection 
which was applied over a thoroughly sand-blasted and 
wire-brushbed surface, and finally a finishing coat of 
white-lead in linseed’ oil. The treatment was first class, 
as far as paint knowledge went at that time. Yet the 
deterioration indicated by the pittings and cracks in- 
creased. By a knife-blade inserted in a crack, a large 
scale or sheet of the paint with an underlying coat of 
rust could be removed. As samples shown by the author 
evidenced, these sheets are hard, fairly strong and 
somewhat elastic, and of considerable thickness even if 
the paint thickness be deducted. An examination of the 
rust under the paint showed a surprising condition. 
The rust differed from the conventional form of iron 
rust: hydrated oxide. It comprised various distinct 
layers; the layer nearest the iron showed a large pro- 
portion of a blackish material, which proved to be ap- 
proximate magnetic oxide (Fes 0,) in composition, and 


carried varying percentages of water—nearest the paint, 
however, the composition and appearance showed that 
the rust approximated ordinary rust (Fe, O, + water) but 
the water percentage was variable and differed from 
that usually considered characteristic of rust. Later, 
the author found a rust of very similar character to the 
subway rust on the supporting framework of a steel pier 
at Atlantic City, N. J. The rust in both cases, moreover, 
had a marked laminated structure, that is, it presented 
a crude mechanical lamination besides merely the change 
in chemical composition from the inner to the outer sur- 
face. There is some probability, though this matter has 
not yet been definitely shown, that the rust sheet contains 
some laminae of unchanged iron as if the process of 
corrosion had found some layers of metal more resistant 
than others. 

The cause of the relatively rapid rusting of the sub- 
way steel was found by the author in the large amount 
of moisture to which the framework is exposed, due to 
the fact that in winter the iron is cooled (by conduction 
from the street surface downward) below the temperature 
of the air in the subway. This condition, together with 
the normally high moisture in the subway, especially 
during the construction period when the painting was 
done, caused the linseed oil of the paint to go through 
a different change than its normal oxidat'on in the open 
air, The author holds the process (under the conditions 
of the subway) to be one of saponification of the linseed 
oll. His conclusion is that, for the conditions there 
prevailing, a paint must be used which contains no lin- 
seed oil and no other saponifiable material. 

The discussion of the paper, which was of much in- 
terest, tended to support the author’s observations as to 
the character and arrangement of the rust. It was also 
brought out that a paint is now being used in the sub- 
way which is free from linseed oil and which up to the 
present is very satisfactory. We hope to present a fuller 
abstract of the paper and its discussion in a later issue. 

Two other papers read at this meeting were: ‘‘The De- 
termination of Acetic Acid in White Lead,”’ by Mr. G. W. 
Thompson, describing a new method which has proved 
satisfactory in the laboratory of the National Lead Co., 
and ‘‘Analysis of Senna,’’ by Mr. R. W. Moore. 

WESTERN SOCIETY OF ENGINEERS.—At the meet- 
ing held at the society's rooms in Chicago on April 
19, Mr. Richard T. Fox, General Manager of the Citizens’ 
Street Cleaning Bureau, presented a paper covering the 
work of the first nine months operation of the Bureau. 
This Bureau was organized by the Commercial Club and 


_ the Merchants’ Club, to clean the streets in the business 


center of the city, owing to the conspicuous failure of 
the city authorities to perform this work. Mr. Fox, who 
had had experience in the New York street cleaning 
department, was put in charge of the work, organizing a 
uniformed force and superintending the operations. All 
the work is done by hand, using brooms on the brick 
and granite pavements, and scrapers and brooms on 
asphalt pavements. The hand work is much more effec- 
tive than machines would be, partly becausre the sweep- 
ing is done from the center of the street to the sides, 
thus cleaning out the hollows between the rows of pav- 
ing blocks. The pavements are also so uneven, that ma- 
chines would simply sweep a large proportion of the dirt 
into the hollows and depressions and leave it there. 
The hand sweeping can also be done by day, when it is 
most needed. For streets with busy traffic Mr. Fox 
thought it bad vractice to let the dirt accumulate on the 
surface. all'day- and then remove it all at night. 

The: work -fs largely ‘hampered by the local custom of 
sweeping the dirt from stores and sidewalks into the 
streets, throwing paper in the streets, piling ashes from 
boiler. rooms. in the gutters until such time as they 
may be carted away, and occupying large areas of the 
streets with piles of sand, lime and building material 
wherever building operations are in progress. During 
the past winter the streets have been kept well cleared 
after the numerous snow storms. “ 

After the discussion of this paper, the secretary read a 
paper by ‘Mr. John W. Alvord on ‘‘The Paving Problem of 
Chicago.”"’ This showed that in the present state of civil- 
ization, the rough granite block pavement is in many 
ways objectionable, its one merit of durability being far 
outweighed by its mumerous objectionable features, 
among which are its unevenness and the rough jarring 
of vehicles over it. Such a city as Chicago should adopt 
the policy of laying better and more satisfactory pave- 
ments, even if they are more expensive and less durable 
than granite. The evil practice of tearing up the streets 
for repairs to pipes, conduits, etc., was commented upon; 
as well as the inefficient way in which the backfilling and 
repaving is done after such work. 

On April 21, a large number-of members and guests 
including ladies) visited the Armour Institute of Tech- 
nology, .by special invitation of the trustees, the presi- 
dent and the faculty. An informal reception was held 
in the library from 8 to 9 p. m., and addresses were 
made by the President, Dr. Gunsaulus, on behalf of the 
Institute, and by Mr. N. C. Ricker (Dean of the College 
of Engineering, University of Illinois), on behalf of the 
Society. After the addresses, the party visited the class 
rooms, laboratories and workshops under the guidance of 
the professors and instructors. Both day and night 
classes are held, the latter being for the benefit of men 


and boys who have to work during the day. Th. 
include civil, mechanical and electrical engir 
chemistry, building construction, architectural and 
chanical drawing, and practical shcp work (wood » 
shop, machine shop, foundry and blacksmith 
There are also special courses in telephone and 4). 
tection engineering. The shops and laboratories 
equipped, but new machines and appliances aro 
introduced to meet the increased requirements 
keep the equipment up to date. After the visi: 
spection, refreshments were served in the lunc 
the club building on the athletic grounds. 


WESTERN RAILWAY CLUB.—At the meeting 
the Auditorium, Chicago, on April 19, Mr. &. 
Tratman (Associate Editor of Engineering News) 
sented a paper on “Tank Locomotives.” The adya; 
and disadvantages of this type of engine were dia); 
both in regard to regular road service and suburban 
switching and pusher service. It was shown tha 
Europe tank locomotives are largely used for a}! 
classes of service, with runs as long as 75 miles. a 
speeds of 60 to 70 miles an hour. Even in Germ 
where railway operation is conservative and wu 
government control, certain classes of tank engines 
allowed to run in either direction at speeds of (5 
an hour. On the whole there seems to be little evi. 
that a properly designed tank locomotive is unsaf 
high-speed service. The principal objection to tank 
comotives in this country is that they cannot be 
for very long runs, and there is a tendency to em, 
engines which can be used interchangeably in all kind 
service. This results, however, in light trains on <!} 
runs being frequently handled by engines of much gr 
power and weight than are necessary. Where the sult 
ban or local traffic is heavy, it is worth conside: 
whether it might not be more economical and satis 
tory to employ a class of engines specially adapted to : 
traffic. 

The paper described the early introduction of t): 
Forney type of tank locomotive, and also the recent intro 
duction of tank locomotives of various types for thr 
suburban service of a number of railways in this coun 
try. Several of these modern tank engines were de 
scribed in Engineering News of Feb. 16. In addition to 
this, however, engines for heavy coal traffic and for oper- 
ation on steep grades were described, including one of 
120 tons for the Kanawha & Michigan Ry. This is of 
the 2-8-2 type, for coal train and heavy switching service 
operating on grades as to 4 and 414%; it has cylinders 
19 x 26 ins., and its eight 49-in. driving wheels carry a 
weight of 92 tons. It carries no less than 5 tons of coal 
and 2,500 gallons of water. 

In regard to foreign tank locomotives, the paper de 
scribed a number of types used in suburban and regular 
road service (passenger and freight) on European rai! 
ways. The largest is one of the Atlantic or 4-4-2 type 
on the Great Western Ry., of England; this has cylinders 
18 x 20 ins., and driving wheels, 80% ins. diameter. Boe- 
sides these, a variety of small and large tank engines 
used in all parts of the world were described, the ob- 
ject being to show the number of types and the various 
applications of this class of engine. Some new tank 
engines for the suburban service of Paris were designed 
to take the place of engines with tenders, owing to the 
trouble and delay incurréd in turning these engines at 
the busy city terminal; they carry as much coal and wa- 
ter as did the tenders of the old engines. In a number 
of instances very large tank engines are used for pusher 
service, and among these are. some 9$4-ton rack-rail 
engines for South Africa, helping trains up a 5% grade 
3% miles long. They are of the 4-6-4 type, with two 
inside cylinders for the cog wheels and two outside 
cylinder for the adhesion wheels. 

In opening the discussion, Mr. P. H. Peck, of the 
Chicago & Western Indiana Ry., spoke of the satisfactory 
performance of the tank locomotives introduced on that 
road for suburban service. They are of the 2-6-2 type, 
with side tanks, and have a run of 11 miles with 15 stops. 
Mr. W. Forsyth referred to the respective merits of side 
and rear tanks; for large engines he considered that the 
former were preferable as they allow of a shorter wheel- 
base. The satisfactory performance of some of the large 
engines mentioned in the paper was brought out in the 
discussion, and there was a general appreciaticn of the 
advantages of tank locomotives for certain classes of 
service. 

The report of the committee on ‘‘Revision of the Rules 
of Interchange’ was then taken up, and the proposed 
changes were approved. These will be submitted for dis- 
cussion at the meeting of the Master Car Builders As- 
sociation in June. The most important changes were in 
regard to the limits of wear of wheels, classifying them 
for cars of less than 80,000 Ibs. capacity and of *%0,- 
000 Ibs. or over; allowing center sills to be spliced, 
which is not permitted under the present rules. 

A paper on ‘‘Blectricity on Steam Railways’ was pre- 
sented by Mr. C. F. Street, but as members had not had 
much time to read the advance copies and as the hour 
was already late, it was voted to postpone the further 
consideration of the paper until the next meeting, May 
16. 

The secretary announced that the club has now a total 
membership of 1,133 members. 
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